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FORE\.CRD

This report was propar.d by the Connecticut Hard Rubber Co., MNew
Haven, Coonecticut under USAF Contract No. AP 33(616)-155., The
contract w22 initiated under Project No. 7320, (formerly RDU No. 612-13,
®Air Force Toxtile Uaterials®), and was administered under the dircctica
of the saterialas lalwratory, Jirs:zteorats of lasnarcn, Wrizht Air
Development Centsr, with lst Lt R, 4. Logan and 1lst Lt C. w». Long acting
as project enginsers.

+ADC TR 54=93




{ IS LTS i

Experimental work leading to the davelopment of s chemically
resistcnt coated fabric, suitable for use in protective
clothing for personnel handling various fusls end cxidisers
used in guided missiles, is doscribed in this report, The
fabric consists of a pigmented blend of polyethylere and
Vistanex B-80 calendered om Virnyon Pubric »501, primed with
e solution (18 s.11ds} of Vistanex B-30 dizpersed in toluol,
It posseases gond reaistance to the action of nitric acid
and ex:ellant Zlsxibility throughout s temperature range of
-67°P to +157°F when testad in accordance with the procodure
outlined in Specification MIL-FP-4143 (GSAP),

Frotective clothing in the form of suits, hoods and gloves,
fabricated from the costed material, us well as a nunber of
yards of the fabrioc itself, bas been shipped to tbs wright
Alr Development Center, Since the coated fabric which has
been developed is superior to suit materials in present use
which exhibit only slight resistace to nitriec aeid, it is
concluded that personnsl operating in the field of guided
missiles can now be provided with clothing which will offer
sdequate prciection aguinst rosiet fsls, It 18 reccamwnded
that the coated fadbric be ussd in the fabrication of all
clothing desizned for the protsotion of personnel sngaged in
handling oxidizers and most rocist fusls,

e costed fabric was developed wunder Contrsct Wo, AP 33(619-155

at The Connscticut Hard Rubder Comsany, Wew Haver, Comnecticut,
during the periocd from Msy 22, 1952 to December 31, 1951.

ICA

™is report has hesn reviewed and is approved,,
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INTRODUCT1ON

A3 the progr:m of activities concerned with guided missiles
becomes wider in scope, the demnid for trained personnsl
grous ever greater, and with thelr increase in number ccmes
a need for more effectivs mans to protect them from the
nazards encountered in the field, The pretective clothing
in present use, consisting of «lass fabric zoated with
polyvinyl chloride, affords only a slight jegree cf protsct’om,
eapecially in :he case of rocket fuals such as fuming niliric
acid, hence, the tasic was assigmed to develop a material
suitabls for tie fabrication cf clothing, which, among other
requirements, would be resir~tant to the action of white
furing nitric scid and would be flexible throughout & tem-
perature range >f -L7°F to +157°F,

For the development of a chemically resistant uoated fabrie,
the following polyme.s were designated as being of apscial
interest to Wright Pield: polyethylens, polyisobutylens,
polytetrafluorocethylsne and polymonochlorotrifluroethylens,
Since peclytetrafluorocethylsne (Tsflon) and polymonochloro-
trifluorcethylene (Kel-P) are outstanding in thesir resistanco
to chemical attack, the initial experimental work under the
subject contract was concerned with an investigation of
commercial Teflon and Kel-PF films, as well es thoze cest

frcm solvent dispersions on various types of glass Cabrics,
and fused to maik®» a continuous film, In conjunction with
thege expsriments, an investization was mads of polynthylene-
polylsebutylens (Vistansx) filams cast from solutlicn, together
with pross-amclded films of polysthiylsne-polr-iscbutylens bdlends,
Anotnher experimental step was wn evaluation of Kel-P-gliass
fabric-silicone rubbsr laminates as well as products result-
ing from the lamination of plasticilzed, extruded Kel-F film
to Piberzlas,

while plasticized Xsl-P film was found to provide an outstand-
ing degres of protec.ion against fuming nitric acid, much
superior to that of polyethylene-polyisobutylens blends

which were the next best, suit materiais obtainsd by coeting
gless fabricas with Kel-P dispvrsions haid an i{inherent stiffness
wnich was lessensd to a certain extent but never completely
eliminated, HMsny of the difficulties with fluoroccarbdorf-
coated fabrics ariszo from the necrsslcy of using Plberglas

83 the supporting fabric. No other hnown fabric has sufficient
rsat-resistance to withstand the fusiocn temperatures required
in the preparation of coatings fram fluorocarbon disperaions,
Problems concernea with glass fabrics are poor flex 1life,

the peasibility of irritation to the skin, and the high
axpense involved in its use,
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T™ho loss of flexibility snich res:lts from ceating with
Kel-F can be easiiy explainec a considerasion of the
mechanical pro;orties of Fivergles, Fivarglas 1s made

frrm microdiams ter glass fillaments which are twisted into
thread and then woven into fabris. The glass filaments,
slthough supple because of their extreme thinnoss, are still
giass and by thelir very nature cmnot withstand nuch vending
or flexing without braaking, Hence; ths flexiollity of
glasa faurics 1a a result o the filamenta slipping sad
sliding »33% sach other, Tias application and fusion of

ths relstively {uflexible Kel-P to the fabric locus these
filaments in place, limits their abiliiy to slids past ore
smother, and therefore the febric becomes stiff and Writtle,

When maxisms acid protecition had besen obtained with
fluorocaran-coated fabrics, a ccnference was held with
personnel of Wright Air Develupment Center ([eceamber 9,
1952). Hsre, the potentialities and drawbacks of fluorocarbon
conatructions were discussed, It was dsoided that in view
of ths relatiy 'ly -hort exposure time znticipetsd fa

sctual vze in _ otective clothing, absolute acid-resistance
should be z.mprumised for greater flexibility and wearer
comfort, 1t waes suggested at this mcsting that the remainder
of the time on the contract be concentrited om polysthylene-
polyisebutylens blends,

Subseguent work on btlsnds of pclyethylsns end polyisobutylens,
sszlendered on Vinyci, indicated that s pinmented (lend of
sixty parts polyisclutylens (Viatanex B-i0) and forty pects
polysthylene provided resistancs to nitric acid on the order
of forty hours, which is markedly & _jerior te that of
present protective clcthing, The flexibility of the fabric
is excelient, approaching thaZ of norwma: wearing apperel,

and flexibillity is maintained throughout a tasperature rere
of -67°? to +157°P. Moreover, the fabric can be processed
with ease on existing calendering equipment,

WADC TR 54-93 2,




EXPERIMEATAL WO

A. Target Requiremsnts and Conforwuity of Coated Pabric
to Svecific:tion MIL-P-4143 (USAPR)

Expsrimental wor't under tne present contract (AP 33(%16)-155)
has been carried out with the opjective of developing a coated
fadris for use in protective clothing for personnel handling
various oxidising sgeats and rusls used in guiced mlsalles.
™he protective clothing in present usze, consisting of a

bess fabriec coated with polyvinyl chloride, orffers only

tlight resistence to nitric acid,

As the program on guidsd missiles expands, the shartage cf
traired personme) operating in the flield bscumes mcors and
nore sritical., Consequently, less experisnced pecpls are
handling highiy corsoaive rockst fusls, and the danger of
sceidents 1is increasing proportionately. There is thersfore
a distinet need for suitable protection sgainst rocket fusls,
osprocially fuming nitrlis acid,

The desireAd ccated fabric is to meet the following requiressnts,

liated in Exhibtit "A" of the subject cmiract,

A. The coated fabric should de resistant to the
following chemicals:

1., Red Puming Nitris Acid (64% NO2)

2. Mized Acids (Puming Sulfurie snd Red Puming Nitric)
3., Rydrogen Peroxide (90K)

Liquid Oxyssn

e Mrfuryl Alcchol

6. Anilins snd Purfuryl Alcohol (70%-3C%)
x. Bthyl Alcchol (Commercial)

« Anilire

9., Monoethylaniline
10. Hydrasins (943)
11, Anhydirous Ammonia
12, Ammonias (Commerciasl)

B, The fabrioc shall de flsxible thmw ughout a tamnerature
rargs of -67°P to +157°P, when testsd in ecaordancs
with the procedure owutlined in Specification MIL-P-
L3 (T3AP).

C. 7The fabric shall have the dast possivle abrasion

resizisnce, tes> strength snd brearsing atrength, and
shall not camuse dermat! tis,
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The coating which hes been developed for ase whan
spplied to & basa fabric is a pigmnted blend of
polystnyiens snd Yistmex B-80, The base fabric
selscted is Vinyon 501l (4 os/3d2), Sarwles of
the blend, continucusly calendsrod outo Vinyoa
fabria, primed with & solution (1C% solids) of
Vistenex B-30 dispersed in toluol, have besn eval-
uated and wers found to meet the reguirezents for
the ccated fabric, There should be no cause for
deormatitis, Complete data on the fabrioc are
tabulated below,

Uncosted Fab.ola

Vinyon Pabric (#5C1, Flightex Corporation)
Count: 50 x S0

Weight: 3,70 os/sq yd.

Thickneass: ,007 in,

Color: MNatural, undyed (yellow)

Weave: Plain

T s SEESIA - S T A i ey s =

> — S
T

fTimr
18% solids Vistanex B-80
dispersed in toluol, sprewd on o aide of fabrio.
Weight: 1,01 os/sq yd.
Thickrwes: ,001 in, approximately
Colorlenss

Goating

00 parts Vistmnex B-80

and L0 narts polyethylens (Alathon A)

with S parts Titanox A and 2 parts atearic acid,
calendered on o side of fabric

woight: 6,49 os/sq yd,

Thickness: ,008 in,

Colort:t Wwhite

Pinjzhed Pabric

weight: 11,2 os/sq yd.

Thickness: ,016 in,

Color: Outer surface, white
Nether surface, yellow

#{v 13 to be noted that Vinyun SOl 1s 100% Vinyon (polyvinyl ]
chlorids) and not a mixture of polyvinyl chloride sand acrylo- =
nitrile, which {8 known as Vinyon K, yﬁ

WADC TR S4+93 L.




rank 18t - The coated
ush and forefinger of each hand,

1 inch is maintained betweean the hands.
move? 2ltemmately forward and backward.

o G e b

Resistence to psnetration of nitric
acid, houras expoanre bsfore passage of 2.5 grams

HNO3/3q. meter

Low-Tempe ‘ature Flexibilily
3.5 hours at -80°P

Flame-Resiatance

Tear Strength, 1lba/in. avg,
tongus method

Adhesion
Pall, 2 in/ain 1bs/in.
(Scott)

(v) Crank Test,l/ SO0tums
(¢) Duront Scrudb Test §7

breaking Stnn?th 1bs/1in,
Average (Scott

Heat Stability
2 hra, ® 153°p ¢ 2
2 hrs, § 200°P & 2°

40 hours

No coracking, checking
or stiffness

Burns, but difficult
to start

warp-5.C 1lbs,
P111-6,0 lba,

Warp-Coating ruptures
in exze08 of an average
of 2.72 1lbs, (Peak-3.y)

Flll-Coating ruptures
in axcess of an avarsge
of .60 lbs, (Peak-,.8)

Ja8?

withstood 200 cycles
U"P:Z9.S ibs,
F111-67.2 lbs.

No decomposition or
cracking on fleving

fabric 1s held firmly detween the
A space of spproximately

The hands sre then
The nuaber of cycles

needed %0 cause a breakdown of ths coating is then noted, which

indicates resistance to fls xing.

If the coated fabric survives

£ifty cycles, it is considered to have passed the test
successfully,

2/ Daront Scrub Teai - The Duront Scrub Test, a mechaniszed ver-
sion of the Crank Test, waa developed by the Pabrics and Pinishes
Department of Dufont to measure the "scrud resistance” of a

coated fabric,

The Tabric is placed in clamps which moveo back

and forth in opposite directions at a rete of 110 cycles per ain-

ute, which gives ths scrubbding action to th- specimen,.

The num-

ber of Atrokes 1s mcorded. Wwhen a breskdowr of coating is noted,

ths tsst is considered complete,

{(See Ths Vanderbils Fubber

Hendbook, Ninth Edition, R, T, Vanderdilt Company, Wew -oru,

15030 pp. 433-435.
WADC TR 54-93 5.
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of the coated 1abric to the sction of

The general resistance
ts and fuels which aight be used in

various exidizing sgen

ded missiles, was detarmined,

obtained.
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B, Polysthylemw-Vistanex Blends

{

The oc:>ted fabric which has bsen develops4 under the subject
contract 13 a pigmented dlend of polyetl ..~e anc Vistanex,
This section of the final report coveras in considsrable detail
the experimental work lszding to ths final product,

Personnel of Wwright Pleld supplied for cur examination a
smmple of Orlon, coated with a compoundsd mixture of polyethy-
lene snd Vistansx which was pigmnted with carboa bLlaok,
Wright Pleld had conducted permesdbility teats om varivus
materials o1 possible use for protective clothing, and the
polyethylane-Vistansex blend had shown some prcaise, Tests
in our ladoratory showed that the sample supplied dy hri?’at
7isld had relatively poor resistance to the psrmeation o
whits fuming nitric acid, particularly in coapurison with
that of plasticized Ml-P film, Steps were taken, however,
to prepare films of uncompounded polyethyls~w.-Vistanex blends
for evaluation as nitric acid barriers, I. was discovered
that mixtures containing no cardon bleck showed nitriec acid
resistance far superior te that of the aaterial supplied bY
Wright Pield, Purther work revealsd that carbon Hlack was
responsible for the lack of resistance to the psrmsation of
nitric scid, A very definite smergism was found to exiat
between polyethylene and Vistanex, since either material,

by itself, exhidbited only fair resistance to nitric acid,
(Soms work has desn done on butyl.Vistanex blends for use in
protective clothing, which is reported by A, R, Allison, as
noted in the Literature Survey, Chamicelly Resistant
Protective Clothing.)

?oliowyhm-vutmx blends wars iavostigated further,

Work at this stazs w23 iargely concerned with the development
of iuprovad techniques for preparing solution-csst films and
8 preliminary examination of films prepared by press-molding,
Prcas-moided polysthylene-~Vistanex films were found to
oxhibit a resistance to nitric acld, definitely supsrior to
that of solution-cast filas of similar composition. This
indicated that a calendsred coating would surpess a solution
coating, Therefore the fabricaticn of crated materialas by
calendering technijuss was investiga®sd, with particular
omphiasis on such requisites as calendersebility, adhesion,
flams-resistancs, freedom froa blocking, crease-resistance,
resistance to oxidizing agents and fusls, snd the processing
of a colored fabrie, The effects of pigments and fillers
ware 1nvestigated, M“hile various compounds were found to
improve calenderesbility snd to reduce blucking, acld-resis-
tance was also reduced,

WALC TR S4-93 7.




Sincs chlorosulfonated polysthylsne (Hypalon S-2) offered
promise as a subatituts for polyothylono,___vglt;gnox-lg;nlon

{ilms were press-molded for evalustion as nitric scid barriers.
Acld-resistance was found to be markedly inferior to that of
press-molded polyethylens -Vistanex films,

When the pigmented biend o7 poiyethylens and Vistanex,
calendered on Vinyon, was beslieved to fulfill all mecesscry
requireménts, a full-scale run on a production calendsr was
madé, The coated fabric obtained by the calendsring of the
polyethylene-Viatmex blend on Vinyon was used in ths fabri-
cation of protective clovning such as suiie, hoods and glovwes,
A study was made of suitaocle means for the protectiocn o

asanms,

1. Solution-Cast Pilms

The initial evalustion of solution-cast polyethyiene-Vistanex
films was warthy of further investijation, On the basis of
exposure for a relatively short time, a good degree of aold-
resistance wvas obtained and the tlonbufty of the films was
excellent., The precedure (Procedure A, Appendix) for
determining permeability to fuaing nitric acid cossistsd in
using a specimen as a diaphragm in a U-shaped cell which vas
divided into two rections at the bottom of the "U". (cnduc-
tivity water was put in half of the csell, and white fuaing
nitric acid in the other, The pH ef the conductivity water
was asasured at intervals, and the permeadility was calculated
from the diwmsions of the systsm, Fizure 1 13 a calibraticn
curvo of the teat cell wsed in obtaining nitric wctd penetra-
tion dats, The calibration curve relates the measured pH to
the coc3ation rate in grens Tar square mester for white
fuming nitric scild through a test memorens, The experimsntat
3stup .s pictured in Figures 2 and 3, The test is ths general
application of the theory of diffusion (see Litsrature
Survay, 1, rermeablility). Thy procedure was developed by

the Naval 4ir Rocket Test Station,

Pilms cast (Procedure B, Appendix) from various blends ~f
polyisobutylene (Vistanex) and polyethylsns for evalua‘ion
as fuming nitric acid barriers showsd maximum resistance

in the range of 70 purts of polyethylene and 30 parts of
polyisobutylens, with a decrease in resistance as 100 parts
of polyethylens was reached (Pigure 4), Fermmability data
on a solution-cast fila comprised of 70 parts of polyethylene
and 30 parts of Viatanex B-dO are tsbulated in the Zppendix
Table 1,1, Vistsnex, itself, has wery little nit»{3 scid
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resistance, However, it serves as an excellent modifying }

sgent to incresase the flexibility of pol¥sthyslens and render
i1t a more suiltario f{abric-coating material, without reducing
its scid-resistance, Polyeihylane film, itzelf, proved to

cust (Yrocedure C, Appindix) or when calendsred (srocedire
D. Appsndix), as will bao noted in Pigure 5 and in the
Appendix, Table 1,1ii sad i1, Pigure 6 is a comapariaon
of the rates of penetration of anitric acid ianto various ;
Vistaoex-polysthylens blends and into samples of the suit )
material aubmitted by wright Pslda., Ths data upon which j

i

be a very poor nitric acid barrisr, either when solution- f :
D
!

these curves ard based may be found in the Appendix, P

Table 1, &, 141, and iv through vii,

|
It was found that the difficultiss of solution-casting P
polyethylene-Vistanex films are primarily dus to the tndelu~ :
bility of polyethylouns in talusne at lower temgsratures, ; ‘
Large precipitated perticles of polysthylsne in the finished |
£1ila are found to decrease the rasistance of tiw film to acid- i
porreation, A secound difficulty .s that of resicdual solvent,
crusing fallure of some films aftor relatively short expesure
{10 to 20 hrs,) to fuming nitric scid, Since tolwwne 48 nct
resistant to nitric acid, any wmall smmount of solvant pressnt ;
in the film is detrimental to acid-reaistance. It was i
aiscovered that after drying for a long time at about 150°®, [
the asid-resistarce of solution-cast films improved, However,
while 1t 18 possidble to remove the zrsater part of ths solvant

by oven-drying, the last 2aail fraoction of sclvont will per-
sist for =catle,

nath the developrent uf improved technigues, s second series
of fiims was prepared (Procedure E, Appendix} from variocus
hoends of polyethylense and Vistanex Ly the sclutiocu-cazting
mthod, followed by extending drying. Fillms, .0CH to ,007
in, thick, wvere suw scted to scid-permsadility teats,
permeubility of ti® individual films ia ahown in Figure 7,
The data upon wiich thwae curves are bssasd mey de found in
the Appsndix, Tuble 2, { through x,

&
Examination of Plgure 7 revesls that extendsd aven-drying sl
dces have a favorabla effect on soluticn-csst filme, Thare 3
was marked improvermsnt in thw ilapsrmecdility of this aserios b
of solutlon-cant films over thosa prepared earlier, It ia
spparent that 7ilm #132 comprised of S5O parts polysthylens

and 50 perta Vistemx 3-30 was most resistant to the penstra- j
ticn of fuming nitric acid, However, in comparing Lavermesill- p
ity data of solution«cast {ilas withh thoae of press-mollsd
films, 1t will be seen ithat solution-cast films still Call

far short of dssiradle resistance to nitric asid,

WADC TR 54-93 13.

l1-

e R s L O Y o it

" - 3 A " . 4 .
T M M 2 s s R TN % :«»~ e RN e R e 4 ‘

W s o R, oo
Wt M i 2 s bt ‘
B b e MR A it i =
ke 5408 i it -
T RE NG i eattind i ‘
R TS TIPS ; ‘
AL b L s




\

pibispeids by A S S D L A A pibApeic b Do DAt v st ™ B
U § ST e s et b= o

H

i

i

i
- £

SMILd SNOIEYA e
AWIL 'SA NOILLYY13INI QIDV DIYLIN-S O *
SHNOH - Il
oG oY ot

e o bl it et iin b

14

-+ "

-
-

H313M /'ONH 'S¥19 - ALINISYINY 34

r

ON318 XINVASIA SLHW OF : INITAHLIAT0d S24vd OL (3)
INITAHLIAIOd A3WIANITYI (3)- 4
3NITAHLIAI0d LSVD-NOILAT0S (¥

I I O _

i i g B

WADC TR 54-9

o1 ‘, 3

o it kot UL b kit s | M b S et e Bt St i ISt st i1 b LG I s P




oS

'SON3TE INITAHLIANOD - XINVLASIA

'SA NOILVHL3IN3d 4OV DIYLIN-9914
SYNOH - INIL

ot

7

=]

0O! 0

: 3
m "H13K0d XOL - 1SiA%ee (9) B
"H13A70d %0S - ASIAX0S

[Q2w3I0NITVYD] HL3AOd K001
.D.Sv 3nvs (a
¥zeany'sn-viydavm uns (3)4
3INIHLIKIOD XOE- 1SIA %OL m

0
e
v
N,
b <]
y Z
m
) 4
w
S
9 -«
L]
Q
e
e v n
W -
O
(/
N
f 4
m
-4
m
2 R Q
i ®
<
('
<
-
O
Q
a
<

_ _ XINVLSIA%OO! v)E
1

211

B it i




[.£00-900] SWII3 ¥3INVISIA- ANITAHLIAIO
LSVO-NOILNTIOS 4O ALNIGY3IWYA QIDV DIYLIN-L914
SYNOH - 3N}

oL

‘621

o

16

EP1IS1° 2D
3HOLYE SY3A0D V. 3AHND

3130 /CONH'SHO - ALITIBvaNY3d

T T TR

i
]

—TZE‘I

WADC TR 54-93

e, o

Fr—



i

2., Press-Molded Filma

Press-molding is a laboratory procedure for the preparstion
of simulated calendered coatings, which is used to avold

the difficultiss inberent in calendering, By meoans of this
method, a number of hand samples can be prepared in minimuwa
of time. In an evaluation of press-molded filas of ths samo
polye thylens ~Vistanex blends, the results of acld-resistance
testa vwers much more promising. The prou-aoldod films
differed from tho solutivn-cast films not only in thelr
superior resistance to nitric scid but slsp in the optimua
ratio of Vistanex to polysthylems., Excellent nitric ecid
resiatance was obtsained with polyethylems-Viatanex 3-80
blends in the range of 4O parts polysthylsus and 60 parts
vistanex B-80, to 20 parts polysthylens end 80 parts Vistanex
8-80 in thicknesses of eight alls, o more, Extremsly good
flexibility was noted.

A complete series of films ves prepared (Procedure P, Appendix)
fros vairious blends of polyethylens and Vistanex by the presa-
molding method, Filns, 008 in, thick, were subiected to acid-
perme ability tests, Permeabllity of the individusl filas

1s shown in Figure 8, The data upon which these curves are
based may be found in the Appendix, Teble 3,1 through xi.

Data showing the sffect of concentration of components o

the acid-resistance of pron-mldod filme as campared vith
solution-csst flime sre shown in Pigure 9.

Pilm p164, comprised of 20 psrts polyethylers and 80 parts
vistanex B-80, 4l aplaysd such resistence to nitric scld
that over 300 hours of expcsure wereé required befure 2.5
grous of nitric acid permsated the £1lm. This degree of
resistance vas second only to plasticised Xsl-P film, which
will be discussed in & later ssction of this report.

A study was made of the sffect of higher molecular weight
Vistanex on the scid-1ssiatence of the blends, Preass-
molded films prepared, as in Procedure P, Appendix, Irom
various tlends of polsethylene and Vistanex B-100 revealed
a resistance to nitric acid of the sems order of magnitude
a8 that of filre containing Vistanex b-30 (Appendix, Table
4, i through v). In the section of this report d-;hng with
calenderability of experimental fabrics coated with blends
of poljomylom-ﬂumx. it will be shown that highar
nolecular welight Vistanex reduced calsunderabtdlity, Batches
containing even relatively small proportions of Vistansx
B-~100 were 30 NArvy that thyy could not o9 calendersd on
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TIME-KOURS TO PASS 2.5 GMS. HNO, /METER’

— INITIAL
| A SOLUTIGN
0 CAST DATA
o 2 ,
PARTS POLYETHYLENE - O 56 100
PARTS VISTANEX B-80- 100 $0 o

©1G.9- COMPARISON BETWEEN PRESS-MOLDED
AND SOLUTION-CAST FILMS

NITRIC ACIO PERMEARILITY VS. ZOMPOSITION.

/
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It was discovervd that press-molded films contalning high
moleculsar weight Vistanex B-120 showed soms improvessnt
ia arlZ_resistance over those containing Vistanex 3-80.
Fi'as prepared from various blends of polysthylene-Vistanex
%2-120 showed some reduction in acid-psmetration for a
period of time up to acout seventy-five hours (Appendix,
Tabls L,vi through ix) with incressing propartions of Vie-
tanex B-120. The prmeebility of & film, ,008 in, Jick,
suwaprised of 50 parts polysthylens and SO parts Vistenex
B-120 (Appendix, Tble 4,vii), in compsrison with that
obtained with the corresponding blend of polyethylene and
Vistanex B-80 (appendix, Tuble 3,vi), is indicated in
Figure 10,

However, while high molecular weight Vistenex B-120 provides
same improvemsnt .n resistance to woid-pemstration, it also
leads to & increase in ths nerve of a given blend, Poly-
ethylsne-Vistanex B5-120 blends were extremsly mervy, which
made processing difficult. A greal desl of ensrgy vas re-
quired to sheet into films, dbatches containing es little

es 4O parts Vistenex B-100 and 3-120. Agsin, it wes dls-
coversd that it was impossidle to obtain calendered samples
of coated fabrics with the B-120 blend., Ths use of Vistanex
of a higher molecular weight than that of Vistmex B-80 was
therefore considered to de impractiocabdle,

Vistsnex-Hypslon Pilas

inse Bypalon S-2 (chlorosulfonated polyethylens) wes of
interest as s posaible substitute for polyesthylune, two sets
of filmc ,008 inch thick, were prepared by thv press-moliirs
method from various blends of Hypalon S-2 and Vistanex B-30,
for evaluation as nitric acid darriers, <Cus set was alixsd
and pressed in the seme mmner used with the polysthylens-
Vistansx blends., To the other set, two percvent of sino oxide,
based on the Hypalon, was addad to mctivite the curs of thse
Hypalor, The acid-resistance of the straight Vistanex-
Hypalon 32 films as well as the films containing sine oxide
was mariedly inferior to that of polysthylene-Vistanex

films (Appendix, Table 5,1 thrcugh xiii).

In Pigure 11, aclid-perssability of films obtained f~sm vearious
Vistanox-Hypalon 8$-2 blends is plotted as a function of blend
composition, Por purposes of comparison, some of the poly.
ethyls ne-Vistanex data are also plotted, As indiceted in
Pigure 11, Vistsnex-Hypalon S-2 biends show only al ight
resistance to nitvic ascid pewtration, The addition of gine
oxide gives no substantisl lmprovemsnt,
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PERMEABILITY - GMS.HNO, /METER"
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0 30 100 150

TIME -HOURS

FIG.10-THE EFFECT OF THE MOLECULAR WEIGHT
OF VISTANEX ON THE NITRIC ACID PERM-
EABILITY OF PRESS-MOLDED POLYETHYLENE-
VISTANEX FiLMS [008"]

S0 PARTS POLYETHYLENE - 50 PARTS VISTANEX.
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Seversal films were also preparsd from various bleuds or Hypelon
-2 and polysthylens, in the same manner as above, These,

t00, showed negligible resistunce to nitric acid (Appsndix,
Teble S, xiv through xvij),

23 Exps=imantal Coated Fubrics
a., Calenderability Studies on Pllot-Plant Calender

In dstermining .the optimum combinstion of polysthylens and
Vistanex for the dsvelopment of & coaled fabric which would
catisfy the requirements of the contract, it was found that

ons important variable was the composition which could be easily
caloendered,

The initial method used in calendering the dlends on the

base fabric was the standard calender-coating procedure where-
by a length of fabric is fed continuously through the

calender rolls, Ths relative calenderability of batches was
Judged on the basis of pickup and ease of calendering, Most
of the blends evaluated by the use of this method were .

ad judged "poor calenderirg”,

Until the techniques of continuous coating could be developed,
it was mecessary to use a second mthod to obtain smail
sanples (approx.mately 4 in., by L in.) for svaluation of
acid-resistance, In this msthod, after the dlond was bandsd
smoothly on the middle roll of the calender, a sample of
fabric (approximataly € 1a, by 12 in.) was fed into the bite
between ine two lcwer rolls., when the fabric was sbout halfway
through the rolls, the calender was stopped and the small
sampls of coated fabric was loosened from the middle roll,
when the calender was started egain, the whole ssaple could
easily be pulled free, For purposes of labaratory evalustion
of smples for nitric scid resistance, the “start and atop"
method of calendsr-coating was adequate,

Preliminary work on the cslander-coating of Dynel snd

Vinyon Pabric #501 was cerrisd out with blends of polysthylene
snd Vistamex B-30, In ons cuse, Vistmex B-100 was used,

The middle roll of the calender was heated to 215°F in

all runs, C.lenderability on Vinyon, as affescted by varia-
tion in the molecular weight of Vistenex and dy the presence
of pigments, is tabulated on the following page.
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COATING CHARACTERISTICS OP VARIOUS POLYETHYLENE-
VISTANEX BLENDS ON VINYCN

Patch Composition Plckup Adhesion
50 parts Vistmex B-80 Good Good

SO parts Alathon A

60 parts Vistmex B-80
4LO parts Alathon A Good Good

70 parts Vistsnex B-80
30 parts Alathon A Pair Palr

80 parts Vistonox B-80
20 parts Alathcn A Poor Poor

SO parts Vistanex B-10u
S0 parts Alathon A

1] parts Vistunex B-80
S4 parts ilathon A Fair Palr
3) parts Titsnox A

27 parts Vistamsx B-80
27 parts Alath-~o A Palr Pair
46 parts Hi-31)

Poor Poor

Poor to good calendering characteristics were otserved with
the abows batches, The increased molscular weight of
Vistmex B-100 reduced the calendsrability of the 5050

blend. 3mall samples of the optimum blends calendered on
fabrics show:4d the same combination of propertiss as tiw
press-molded films, 1,0., good acid-resistance and excelient
f» xibility. Polyethylsne-Vigtanex blendg calendsied on
Vinyon formed successful bdbarriers for fuming nitric acid, with
t}hn of thicknesses of seven mils, or more, on seven mils

of fabric,

Bscause of the nerve of batches containing Large proportions
of Vistanex B-80, the coatings #ere applied to the fabrics
under high stress, Wwhen the coating left the calender, it
relaxed causing excorssive puzimring of the base fadbric,

In the processing of mervy batohes, solution-coating has a
distinot advantame over calendering, However, since solution-
cast films did not give consistently good acld-resistance,
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methoda of improving calendering teshniques had to bw
developed, Methods for handling synthstic fabrics also had
to be svolved, Por example, Dymel fabrie was fourd to distort
at the upper calendsring temperaturas,

The difficulties encountered are apparently Quite gensral
throughout the fabric-coating industry, It was believed

that the sddition of lowsr mols cular weiyght polyethylens, of
the paper-coating type, might amsliorate ths nerva of given
batches. Howsver, work in this direction revesled that
Alathon VII rediced the acid-resistance of polysthylone~
Vistarex blerds, Pigmenta improved processing oharacteristios
but also reduced scid-resistance.

Continuous calender-coating of polysthylens-Vistanex blends

Rust be earried out with proper ocontrol of cslender-roll tewmpe
srature and speed end the proper prshesting of the composi-

tion on the mill, 7The calendsr-roll temperstures requirsd

are largely depandsnt on the asrve of ths batch to be calendsred.
Higher temperatures are recquirsd to calendsr batches eonlain-
ing increusing oroportions of Vistansx E~00, and batchwa
containing even relatively small proportions of Yistanex

B-100 cannot bde calsndered at all,

Since 1t was thousht that plastioc flow night be & swasure

of the ease of calenderadility of varicus oolyethylens~
Vistenex blands, & series of plustoity nusber dstarwinetions
was made, It was found, however, that no high degree of
correlation seemed to exiat between flow charasteristies snd
sass of procossing.

In an evalustion of ths performance of various blends on a
Pillut -plent calender, it was found that stearic scid aoted ee
& plasticising sid, in that it lessened retrection of the
tlend snd provided better release from ths calsnder rolls,
No appreciable changs in resistance to nitric soid was noted
in blends containing up to five percent stearic acid.

b, Adhwseion to Padbric

One of the problems in ths calendering of co-ttuﬂu on cloth
is thet of obtaining adequate edhesion. In sn e.foprt to
improve the adi®sion of polysthylems-Vistwnex blends to
faorics, it was found that marked improvenent wes obtaired

by primirg Vinyon febric with a solution (1(% solids) of
Vistanex B-80 dispersed in toluol. The fle Xibility of the
fabric was maintaine¢ with very 1ittle losc ufter calendering,
Contirary to expectation, methylene bis (L phenyl 1socyanate)
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had an adverse effect cn sdisaion, and imparted boardiness
to uncoated fabrics,

Experiments were conducted to dstermine thw sdhesion of

experimsntal coatings to various typss of primed Dynel and

Vinyon fabrics by peel stripping., It was found that the

adheeion wes greater than the fila strength of the coating.

All films in thickussses of eicht and twsnty-five mila ruptured

before any readings could ve taken, when a film thiciness of

£ifty-rives »11s was wed, the nighest valess (4.1 1bs,./.n. in

the direction of the warp enc 5.0 lis./in. in the direction

of the f1ll) were obtaimsd with Vinyon (Plightex Corp.)

Style p5C5 which contains Vinyon fibers in the warp snd :
Vuliws of 2,6 1bs./in, (warp) end ‘e

Dyrsl fibers in the rill,
4.7 1bs./tn, (£111) were odtained with Vinyon (Plightex Corp.)

Style #501 which 1» 100 percent Vinyon. Intermediste ;
values wers obtairsd with Dynsl (U,S, Rubbsr Co.) Style ¢,4
|
4

Rt T S

e e

902-F and Dymel (U.S, Rubber Co,) Style X-5142.

¢, Flame-Resistance

In the coated fabric industry, certain plgmnti are used to
improve flasw -resistmmce, Exprrimsnta with polyethylens-

Vistanex bdlends, however, revealsd that most pigments de-
creased the acid-resistmce, A number of pigments commonly
ants vers avalusted but were found to be i
]

]

used a9 fi mwereoiard
of no value in the quantities emplioyed,

L]
A study of the wse of zing axide, bismuth trlioxide, Csrbdoun £
Black r-33, Kel-P Wax #150, Titanox A, antimony triozide, i
spemsnlum chloride, wd sinc dorats, alons snd in combination, i
revealed that even excossive amounts of theose materials wuuid ;
not imnart flame -resistance., Flame-rotardants were adds? ;
(Procedure G, Apperdix) to previously milled polyothylene- i
Vistanex blends on & laboratory mill, The fl smmabiliy of j
i
b
!
i
i

thsse mixtures was compared with that of previously milled,

unfilled polyethylsne-Vistanex bis nds vh ich had been
In two casocs, blends consisting of

calenderesd on Dyms .,
80 parts Vistsnex, 20 purts polyathylsne and L parts titanfum
dioxide were placed over Vinyon and Uyml febrics, and the
conponents were subjcted to 85 psl at 280°F in & hjydreulic
press {Procedure G, Appendix;, 7The resultant coated fabrics
wore brought fnto contact with a flams, and their degree cf
flammability was noted, The results of the tests are given .

in Table 7 in the Appendix,

All blends, filled and unfillad, supported cosbustion, The
flume-resistance of Lynal-backed cuatad fabrica prepared without
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Pigmnts vas found to be only fair. Filled blands, ceiendered
on Dymel and Vinyon backings, did not burn resdily when brought
iato contact with fiame, and showed some tendency %o be aelf-
extinguishing, Scew flame-resistance was imparted to the
tlonds through the use .. Dyrmsl and Vinyon as supporting fsb-
rics, 7he use of Dynsl and Vinyon is prefarabdle o tho ususl
flesaproofing methods, for ths reason that Lt in no way impairs
the praperties of the protective coating.

qa, Bloeking

The degres of blasking of prepared coated fabrics waes dater-
nired in accordsnce :d th A.S,T,M, Standard Method L 084-48.
Vinyon and Dymel fabrics, celender-coated with polyethylene-
Vistanex blends containing from S0 to 80 parts Vistanex B-30

and 20 to 50 parts polyetiiylens, wers aupsrimposed (Pricedure

H, Appendix) to obtain three possible surface combinations
{coating to coating, coating to backing, and backing to dacking).
Bach composite was condtioned in a drying oveA for 24 hours

at a teaperaturs of 125°F and a pressurs of 1,3 pai,

Insre ased proportions of Vistenex B-80 produced a corresponding
increase in blocking, Samples containing 70 md 80 parts
Vistanex B-S0 presentsd serious blocking problems, although
previous inveatijation had shown them to e moat resistant to
the paasage of nitrioc acid. No blocking was ovidsnt in any
of the three surface condbinations of fabrics containing SO
and 60 parts Vistanex in the coating. Calendered fabrics
containing no more than 60 parcent Vistanex B-30 were free
froe blocking and wars very flaxibls, The incorparstion of
pigmenta in polyethylane-Vistanex blends reduced blocking

but l'iswise recuced resistance to nitric acid,

Although the decrease in blocking charsctaristics afforded by
the use of polysthylens-Vistmex blends containing 50 and 60
parts Viatanex wes offset by an increass in acid-permeabdility,
sufficlent acid.resistance was obtainad for the use of suzh
blends in febric coatings, 7The optimum blend wes found to be
4O parts polyothylens and 60 parts Vistarex -80, Thls blend
has adequate acid-resistance (40 hours), 1s readily calendered,
posaesses excellent flexivility, and presents no blocking
problems, Thne use of talc is recommended, however, to prevent ;
any tendancy toward blocking. P
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Selsction of Bacxing Matsrial for Polyethylene.Vistanex Biszd

Since all of the coatings except plasticized Xel-P sllcowed
some acid to peretrate, it was desirable that the fabric,
itself, have soms acid-resistance., The selaction of tiw
optimum fabric (Vinyon) was therafore besed on degrese of
acid-resistance as well as conformance to Specification MIL-
P-4143(USAF)., Vinyon not only meots the requirsments of
Specification MIL-P-4143(USAF) when used as a bDase fabric,
DUt aisu pueseadda considorables resistance to niiris acid,
Moreover, Vinyon is flame -resistant and reduces ths flammability
of the coated fabric appreciably. Lastly, Vinyon sxhibita
better temporature-stability at calendaring temperstures than
soms of thae other themoplastic fibers,

¢, Crease-Resistance

In order to simulate the effect on clothing of folding ani
stacking in piles, a creass-resistance test was devised in
which the coated fabric was hung over the edpe of a thin
m2tal sheet, with hundred-grem weli;nhte. After the coated
side of the fabric had been 1in contact with the edge of the
metal for 24 hours at 125°F, the fabric wes turted over and
the test was repoated, The creased section was then
subjected to the regular permeability tsat,

The results which were obtained indicated no reduction in the
resistance of the coated fadric to aitric wid, These find-
ings do not correspond with those 1sported in the cese of the
polyethylens -Vistans x coated fabrics manufactured ty the

U, S. Nutha» Company for the Quartemaster Corps, in which
the coating was said to have flowed awsy from the creases,
in starnagse. end acid-resistence was Sestroyed, la this
instance, the suits may have been pacisd in bales, Such
traatment would necessarily leead to oxtensive wrinkles and
creasas in which the coating would be seriously iapeired,
Since most of tho polyisobutylenes are subjoct to a certain
amount of cold flow, asuits made from fabrics coated with a
polyesthylens -Vistanex blend should be handled as garments and
pacimd with soms care, It would bo advisable td> dust the
suits with talc before storage,

f. Resistance to Oxiaizing Agsnta and_Pugls

The generail resistance cf the coated fabric to the sction of
various oxidizing asents and fuela wvhich miht te used in
gulded missiles, was dstermined, 3amples of ths coatsd fadbrie
wers placed in beskers containing mized acids (15N fuming
aulfuric and J5% red fuming nitric), hydrogon peroxide (908),
furfuryl alcochol, aniline and furfuryl alcchol ,70%-.0%),
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ethyl alechol (commercial), aniiine, monosethyleniline, and
smmonia (commercisl). The results which were obtained were
favorable., In all cases,no evidence of decumpoaition of
coating was noted after a 160-hour sxposure,

I% should bs pointed out that in the testing of samples cf

the coated fabric by immersion, tae fabrtc is exposed to the
chemicals as well as the coating. Fabric decomposition was
first noted after aix hours' exposure to aniline as well as
mixed acids (15% concentrated sulfuric acid and 653 red fuming
nitric acid), Fabric failure occurred after L8 hours' expo-
sure to a mixture of 7C% aniline and 3JU% fu-furyl alcohol,

§. Proceasing of a Coiored Pabric

Nright Pield had expressed s desire for & white suit to be
used in tropical areas, and a green suit to be used in cooler
regions., It was found that a satisfactory white ocolor could

be odtained by the use of those pigments which have high
tinting strength, such as titanium dioxzi{de, in asmsll enough
Quantities to avold undim reduction in acid-resiatance (S5 parts
per 100 parts of blerd),

In developing a greea, coated fabric, an investigstion was
carried out to determire the efrect of using an unpizmented
polysthylens-Vistanex blend over a fabric which had been
dy~d green. An unpigmented blend of 60 parts Vistanex B-80,
4O parta polysthylem (Alathon A) and 2 parts atsaric ecid
on 7inyon Pabric #505 (blus-green) resulted in s finished
fe¥ric havirg a uniform. blue-green color, It i3 bLelieved
that a coated fabric san be produced in any color derired,
by *he use of the polyethylens -Vistarex blend on & properiy
dyed base fabric,

4. Production Calendsring of Blond on Fabric

Av the time when samplos of polyesthyie.w -Vistanex blands
produced on a pillot-plant calender on primed Vinyon Febric
#501 were found to meet the requiremsnts of a coated fabric
for use in protective clothing, srrangemnts ‘=re mads with
the Hoduyman Rubbder Company in Freaamingham, .ausetts, for
the production-calendering of 24,0 yards of . ,on fabrie,
Several visits were made there to select the optimum compo-
sition r'or calendering in production qusntities, In a

study of the psrformance of blends on ths calender, Hodgman
Rubber sugzgested that stearic acid be used as a processing
ald to reduce the nerve of the stock. Laboratory inve.tigation
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subsequently evealsd that stearic acid could be used in
quantities up to five parcent without any appreciablie effsct
on the resistance of the Zabric 2 nitric acid,

A final selection of the optimum polyethyisne -Vistanex blend
for a production run was made on the basis of calenderadbility,
acid-resistance and lack of dblocxing., It was decided that a
atxture of 60 parts Vistsnox B-80, ﬁo parts polyethylene,

S parts titanium dioxide and 2 parta stearic acid would be
used, A master batch of the mixture was prepared and sent,
together with the Vinyon and sufficlient Vistanex D-H0
solution (158 solids in tolusne) as primer, to the Hodguen

Rubber Coapany,

Gn June 25, 1953, the two hundrsd and forty yerds ef Vinyon
Pu.bric #501 were successfully calendered on production
eanipment, Mo production difficulties were encountered 1ia
either the priming or the calendering operation, The fabric
wes procéessed on a four-roll, Parrsl-Birninghem calender, at
the rate of 20 to 25 yards per minute., Cals ndering conditions

were a8 follows:

Temperature of the Roils Top koll, 260°P
Second oll, A7S°F
Third Roll, 270°F
Bcitom Roll, 190°P

Weight of Prissr 1,0 - 1,25 ounces
por square yard

e ight of Polyethylene- S«/, ounces per

Vistarsx Coating square yard

The polyestuylens-Vistanex coating wes deposited smoothly
acroes the base fadric, and was of uniform thickneas, When
the finished fabric was subjscted to the Duront Scrud Test,
it Lthatood €00 rcycles, indicating that the coating was
not only well adhered but possessed excellent strength,

Inspection of rnated Pabric

Unfortunately, a few pinholes ‘sre evident in the coating,
Som of these had apparently been caused by contamination
fron mall metallic particlss which hed been picied up in
the milling operation., Teots were -~un on samples of the
coatsd fabric both sefore =& afver repair of the pinholes,
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to determine the degree of resistance to nitric scid, It
vas found that sarples containing minute piunholes which had
not been repaired withstood expessure to nitric scid for a
period of shout 10 hours hefore permsation of 2.5 grams ler
square mater occurred, 3amples containing pinholes which

"hed besn repaired withstood exposure for a pericd of 30

hours before 2,5 grams of nitric acid penetrated through
ths fadi1c, whish 1a wearly equivalent to the perfect material,

In repairing the pinholes, the coated rabric wes lnzpssted dy
passing it over:s wirey frame with electric lizh® underneath,
which provided effective means for visusl inspection (Pﬁ;\u’o
12), A drop of calendered polyethylene-Vistaex blend dis-
pereed in xylens was placed over sach pinhols end was allowed
to alr-dry, The treated surfeace was then loat-sealed by meens
of a soldsring iron, placed in sontast with a piece of

Teflon which was laid directly over the pinhole,

When th® pinhdles had heen repaired, a sufficiens quantity of
the coated fabric was shipped to the msnufacturing plant »f
S. Proelich & Sons in Uew London, Connmssticut, witi vhea
arrarngensnts had been made for the fabrication of protec-

tive suits,

S. Jabrigation of Protsstive Clothing

™he eaperiense of manufactu-ers who have o~ds articles of
costsd protestive clithing or foul-weather gear which aust
pass a hydroetatic test has been that tho grestest difficulsy
sncountered 1s that of obtaining tight eesms, Recognising
this problea, The Comnscoticut Hard Rubder Caompany's first
svprosch to the matisr of fadricating clothing wes en evalua-
tion of msthods of protecting the esems. This is usually
accomplished by maans of solvent solution coatinxs which are
sconomical and easy to apply., Oowsver, sclven’ solution
coatliigd were not desiradle for use in this case, since
polyethylens-~Vistanex solutiocs can only be used hot (160°P)
nd the garment aust se hwld at 160°F in order to obtain

erack-~7Tree filns,

A visit was pald to Mr, P, Dusks of Brooks Brothers, Nr,
Duske had formwrly desn assosicted wvith the Intematiocnal
Talloring Company which had made a great many raincoats
and foul-weather gear for the Navy, Hs desoribded he
prodbleas which had to be overcome in order to obtain peams
in the garments dwh {ch woauld pass the hydrostatic test,

Mr, Dusike susgestead that the ss1ms of the acid-resistant,
protective sults Do taped ard also He reat-esalsd by means
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of an electrically heated roller with a recessed arca in the
contsr 80 that no pressure would be applied to the seam,
itsslf, during the sealing operation, Otherwise, acme of
the adhesive would be squsesed out from under the tape,
Moroover, the hest might demage the stitching., In accore
dance with his suggestions, a number of tests were run on
the peesl-atrength of taped seams, Both unsupportsd polyethy-
lens-Vistanex film md two-side coated fabrio were evaluatsd
a8 the tepe material, Both were found to be eqQuslly satisfac-

tory.
s, Protection of Seams

When the sctual fabrication of articles of protective sloth-
ing, such as sleeves and gloves, was initiated in the
laboratory, spscial consideration was given to the probdlems of
maintaining the nitric acid barrier at the sesms. The
initiel laboratory work s concermed with an evalustion of
methods mnd materials for protecting sesms which had been
sswn by hand with Vinyon thread, In ths msantime, arrange-~
wents had been made with ¢ local seszastress for the fabrisa-
tion of a prototype slesve, sewn with Vinyon thread, Arr«nge-~
mnuts hed also been made with 8, Froolich & Sons, lev York,
%, Y., fer the fabrication of protective suits and hoods,
conforming to patterns designed by the Quurtermaster Corps,

Experimental work revealed that the seals obtaimed by coating
with selvent solutions of Vistenex B-30 or the polyethylens e
Vistanex mizturs were infesviar to taped ssans, thich was to
be expected in view of the fact that the scid-reosistance of
solvent solutien coatings is relatively poor, However, ‘¢
Was discovered that the technique of applying and fusing
multiple coats of a hot solvent solution of polysthyiemw-
Vistanex effectively reduces the smount of residusl solvent
and thereby increases the degree of ecid-resistance,

Tapesd seams obtained by the use of solvent solutions of either
Vistanex or the pigmented polyethylene-Vistanex blend as

adhs sives, md either unsupported polysthylens-Vistsnex tape
or two-side coated fudric a3 e inforcing tapes were evaluated
by mesans of peel-strength tests, Wwhile both adhwsives were
oqually satisfactory, the use of the mlvent solution of
Vistanex is definitely more prectiocal, since the solvent
solution of the polyethylens-Vistanex dlend has o be main-
talrsd at & tomparature not less then 160°P for application,
or "mud-cracking” will occur, Tho two-side coated fabric
appeared to be the more satisfactory s:am dindiang from the
standpoint of providing greuter mechanl..al strength, However,
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the unsupported tape comvossd of the polyethylems -Vistamex
Alxture was more than adequate for sealing purposes, and
:!l more flexible then the tape made from the coatod
abric,

The optimum procedure for protecting seams was found to con-
sist in roating the seams with Vistanex in solvent (18% solida
in xylene) in a width of 1-3/4 inches over the seam ares,
allovwing it to air-dry for ubout fiftesn minutes, and heat-
sealing with an unsupported taps of the plguonted polyethylens-
Vistansx blend.' Sealing was ascomplished by meana of an
electrically heated roller designed with s recess in the
osnuter 30 that no pressure 1is applied on the seam itaelf,
The eection of the germent undergoing heat-sealing must de
held undsr moderats tension while the operatiom is in
proocess, In the esse of the sleeve, a picece of plywood

was out to & shape % sonform to the slesve, and the sleeve
wes placed on the form in susch a wey that the seam was in the
oenter of the plywood,

b. Suits snd Hoods

Four protoctive suits and two hoods were successfully fadbrioated
by 3. Proslich & Bons from the previocusly pregesed costed fab-
rie, Two of the suits were made with cuffs on the sleeves,
snd two without., Lock-stitch Singer sewing machines were used,
Stitehing was dooe with Dasron thread becsuse of the sase

with which it is handled on the sewing machines and because

of its grest toughness, The thread was treated with paraffin
Wax Lifore vee to prevent the needles from sticking., The
ssuing charscteristics of the costed fabric are considered
g00d. T2 suits weigh aspyroximately tvo pounds, euch, and
pouoo: e flexidbility approaching that of normal wearing

spparel ,

Sealing of the seams of the sults was carried out at ™he
Connsaticut Hard Rubber Company, Two of the suits were
sealed by the use of tape, costed on both aides with the
golycthylom-vnumx blend, in the manner dessribed undar
Protection of Seams”, It was the opinioco of wright Pleld
that the ssans of these suits wers too stiff, and they requested
that attempts be mads to attain more flexibility of the

seams Dy the use Of other meuns for sealing, Tharefore,

the other two sults were sealed with ths unsupported poly-
ethylems ~Vistarwx tape, Flywood forms were used for all
seotions of the suits, to provide a flat surface at the seam
areas during the hest-sealing cpergtion and to keep the areas
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under moderate tension,

The hoods were sealed at the seams ia the same manner as was
used with the jults, A plece of polyvinyl plastic (mesnufac-
tured by B, P, Goodrich Company) of ths standard Quartesmaster
Corps design, was used as a face shield in oasch of the hoods,
The front, side and rear views of the protective clothing can
b sesn in Plgures 13, 144, and 15,

- G, Qlovsa

There were two possible spprosches to the fabrication of
acidproof glovss, One was to maks a dip-ceated glove,

The other was t0o male a glove from the caleondered polye thylene-
Viatanex fabric, which offers the greatest amount of acid-
resistence, md to tape the seams to provide protcotion,
However, because of ths complexity of tiw comstruction of

a8 glove, it was not feasible to tape the sesms, The initial
iasboratory work on the development of acidproof glorys was
therefore concermed with an investigation of the potential-
ities of Ap-coating,

As noted earlisr, it was necessary to maintain the solwvent
solution of the polyethylene-Vistenex blend at a temperature
of 160°P to prevent mud-crecking, A study was mede of solvents
having boiling points above the fusion tamperature of the
folyom lens ~Vistenex blend, A mixture of cumsne end xylene
about to 4) proved to be more practical for use as the
higk-boliling solvent than cumne, 1itaelf, which was difficult
to remove from the film, Solution-cast films of the pigmented
polyethylems -Vistanex blend were prepared for acid-resistauve
tests, A film (,020 in, thick) cast from the mixture with-
stood exposure to nitric ecid for 28 hours before penetration
of 2.5 grams pesr squers meter, Rurther work with hot solvent
solutiona of the polyethylene-Vistanex blend led to increased
acid-resistance,

Work dooe at this time on ths preperation of a solution-cast
film of Vistensx F-80 in toluocl indicated good ecid-resistance
only in thicknesses too great for practicsl use, Gleves cut
from plain Vinyon, and sewed with Vinyon thread, were coated
by dipping in Vistmnex, and wers sealed at the seams by the
use of the polysthylene-Vistanex blend, lHere, too, it was
found thet Vistanex coatinga provided scid-resistance only
with a multiplicity of dippings.

WADC TR 51&-93 35.

st




R b PR w""i“ ‘WWW“J‘

v

S —

R i S TAL Y

Tt wdid e e
Sriradowe Lo

ﬁ‘l’\& . .. 4.

F1G.13- PROTECTIVE CLOTHING. FRONT Vit .

PO AT




LY

o . e L
o s s b

PIG 14 - PROTECTIVE CLOTHING S5IDE v W

REEIY ek i

Gt alE s o e o :
)

v
P
I
Loy
4

A o S b it © e\l e i by b ; !
kil sl .. 2 A o e i 01 b il 5L




SRR . 9, O oy

-

e e e

s i d .,,‘u;,:i',y : -—_

g e

T “wm?ﬂ-.

FIG. 15~ FROTECTIVE CLOTHING, REAR VIEW

]
i




It was Jound that it was not practicel to coat glovos with
the wo of standard dip-coating techniques, since the coat-

ing penetrates too deeply into the fabric, However, technigques

for spplying the pigmnted polyethylene-Vistansx hlend to
uncoated cotton gloves without the formaticn of cracks wer)
developed, A continuous surface could be obtained by the
proper control of camperatures during the dipping and drying
operationas, The glove wes immersed in the solvent solution
siiich had been heated to 160°P., aftar removal from tlw bsth,
the glove was lmsdiately pleced in a drying oven for a
period cf 15 minutes, wnhils a temperature of 160°F was
mainteained, This proceas wes repsated until the desired
thicknese (acbout ,0l2 {n,) was cbtainsd, JGloves prepared

in this menner, however, were still relatively inflexible
(Pigure 16, Glove 1), Rubber gloves coated in this manner
(Figure 16, Glove 2) exhibited optimum flexibility, Wwhile
the adhesion of the coating wss considered good, iaprovements
were noted with ths use of a priwr coat of Vistanex in

xylame,

Arrmgemsnts were made with S, Proelich & Sons for the
fadrication of soms gloves froa the calendered fabric, The
principal difficulty encountered in sewing the gloves was
that the fabric slipped in the sswing machine, 7Ths tenasion
oxerted on the fabric during the sewing cyaration was not
even, Bunching between the fingersmaulted (Pigure 16, Glove
3l). snd the gloves were difficult to seal, This indicated
that & better msthod of fabricating thw gloves should be
daveloped,

A 7321t was paid to the Edmont Manufacturing Company, Coshoc-
ton, Chio, who are th® largest menufacturers of coated gloves
ie .he industry. The problea of preparing a satisfactory
acidprocf glove wes discussed with thea at lengith, A number
of peirs of gloves were cut from the coated fabric, amd
seved with cotton thresd, It was discovered that it was
samevhat more difficult to sew the coated fabric on a chain-
stirh machine thean on a lock-stitch machine, The polysthyl-
ons -Yistanex mixture stuck to the needles, and caused the
machine to skip, This Aifficulty was eliminated by dipping
the threud into paraffin wax, and by holding a little
artist's brush, which had bee”s dipped in wex, against the
neadle, The gloves were s um on chain-stit<h machines,
manufacturea by the Union Spaclial Macrine Company, Ths
machines had a guide near the presser foot to ksep the
distance between the asdge of the fabric and the seom at a
constant predeiurmined value,
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After the yloves were sewn, they were mounted on foras, It
is very iaportant that the glove should iy the forr, since
wriukles cause imperfections in the coating., It is therefore
necessary that the fabric have a certain degree of stretch,
%han the gloves are cut frar the fabric on the square, there
is absolutaly no stretch, Howsver, a latar experiment ahowed
that the fabric cen be mads to exhibit considerable atretch
1f it 38 cut cn the biss, Although no gloves made by this
methed were dlpyad, enough work was dons to demonstrate that
bias-cutting would provide sufficient stistch t¢ allow the
ovas to fit the form and thus render them sealable by

pping.

The solvent solution of polyethylane-Vistansx blend was
hected to 160°P, The gloves, mounted on the forms which had
besen premsated to prevent any chilling of the solution, were
dipped, fingers down, into the solution., The gloves were
then transfermd immedistely to an oven maintained at o tem-
perature of 180°P, where they were allowed to ary for ten to
fifteen mi~utan, The process was repsated until the desired
number of coats had been applied, Th» seams of gloves made
from the calsncisred fabric were effectively sealed by this

dip-coating process,

Some neoprenn-coated, woven fabric gloves were used in dipping
sxperimesnts to determins whether the polyethaylene-Vistanex
aixture wald ahore satisfectarily, The results were good, and
the coating could be preled off tim rwoprers only with dAiffi-
oulty, It was pelieved that even this adhesion might be
improved by the use of s base coat of stralght Vistanex as

a bincer,

irrengoments were made for the Edmont Manufacturing Company
to supply The Connecticut Hard Rubber Compeny with «nit-cuff,
neopren® -costed, cotton flannel work gloves, sows having only
8 light coating of meoprene to prevent the polyethylens-Vistanex,
subsequently aepplied, from flowing into the fabric, and some
carrying a ntandard neoprsne coating (.020 in,), The gloves
heving the light coating of msoprem were dip-coated in a
hot solvent solution of the polyethylene-Vistunex blend at
‘The Conmecticut ilard Rubber Campany, While the adhesion

of the coating to the neoprens was not as good as §it mignt
have deen if Yistanex had been used as a primer, the glcoves

looied quite promising,

One peir of thase gloves and two palirs of white gauntlets con-
sisting of th» ecams matorial ued in the suits gnd noods, which
had bsen multiple dip-couted in hot solven: solutions of the
polyethylers-Visat mex blend to provide pro.sction for the seans,
weres ahipped to the wright Air Developssnt Csnter,
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¢, Taflon axd Xel-P Pilms

In tie early stec- of work on this pro’ 3%, Teflon ad

X:1-1 were thought to be the mos% promising aaterials for

the development of fabrics wh. A would Le resistant ead
imperms able to axidising agents end fuela used in gnided
missilen, Thesd aateriala possoss excellent chemical resis-
tance and sorme flaxibility, & characteristic necessary in
protective ciothing, The chemical, physical end mechanicsl
proper+ias cf mafion and hel-F are discuased in the Literature
Survey, 2, rroperties of the Fluorocardon rvijusis.

Since wnite fuming aitric acid is one of the aore ssvere
metarials of thoae spacifiad for uas in the testing cf the
fatric, it was felt that impermeabllity to this acid wuld
be the best criterion of its reslastance to chemicals,

As & preliminary step in the evaluation of these materials,
a nuaber of permeability tests were run on coasercisl filus
and filas cast [rom conmercial dispersions,

In the cass of extruded Asi-P films, the reaistance to scid-
penstration was axtremsly good, In ons cade, a hickness
only two mils was resistant for ovar uCO hours (Pigume 17).
A sacond sample ¥Wes considersdbly inferiocr. It wes thorefuTe
concluded that a thickmess of two mils is acmewhat below the
ainisua thickness for safesy against penetration of nitric
actd, wiereas seven mils 13 parfectly safe, Filas cast frem
highliy plasticized Kel-P dizpersions also showed s high
dagree of imperme ability, ss will s seen latar, Specimend
of Teflan film made DOLD by extrusion and e shaving froa

a block showed relatively poar scid-resistance (Flgure 13).

Teflon 1s axtrenely resistant to atteck by chsmicals, but the
pormaadblility tes:a indicated a microporous structure, In an
attampt to plug thess holes, s nuabar of commeroclal sud cart
f1lms were treatead with low molecular weight hslocsrbon
groases and waxss,

Commercisl Teflon filns, L0003 in. thick, were placed in hot
mlts of Kal-7 wexes #40 and »150 and Halocarbon Wax 10-00

and treatesd at Q0°PF for one hour, Ramoval of the filme

from the hot melts of the #150 and pLO waxes resulted in

the immmdlate solildification of the wexes, making }t nscoBdaary
to wash the films before testing., In tl® oase of the #10-C0, -
the brittle aeposit of the wax could be peeled off, showing
lack of interaction at this temperature,

Teat rssults on these f1lms anowsd only a slizht improvement
(Pigurs 19), 30 two other sets of coswsrclal Jeflon filas,
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+«006 in, thick, were treated, as above, but at tempsratures
of 4OO®F and LEO°P for one and two hours, The films were
wvashed with tolusne and tested., As shewn in Pigures 20 and
21, there is no significent improvement in the acid imperme-
abllity of films impregnated in this manner,

Attempts were then made to form Teflon films from commercial
dispersions, An aqusous dispersion of Teflon wes brushed
onto clean atainless steel platss, The platss were placed

in an oven at 100°C to evsparate the water and then placed

in an oven at 720°F for five to ten minutes fualon, Toe
plates were removed and quenched in running water, Additional
ooats vere applied until the desired thickness was obtaimd,
Permeability test results (Pigure 22) were poor, showing
these Teflon films to be porous,

Steps werd taken to repair the microvoids in the film, A
film of Teflon was prepared, as above, by fusing successive
deposits of particles from disperaion at 720°F, Haloocarbon
vax (#10-00) wes then melted and brushed on the surface of
the Teflon film, and the whole was fused at 720°F for five
minutes, On removal from the oven, the film was quenched and
tested for ecid-permesability., The results showed a slight
improvemsnt over the plain Teflon fila (Pigwo 22), OUther
untreated Teflon films, graphed in this figure, show decreas-
ing perssebility with increasing thicknoss, However, in no
case was Teflon resistance comparable to Xel-pP,

As wes mmntiomnsd previously, extruded films of Kel-P withatood
nitric acid psnetration for over 4OO hours (Pigure 17).

Initiel vork on cast Kel-P films showed poor scid-resistance
dus to porosity, In order to maks films that waild be less
porcus, several methods were tried, as follows: [first, by
fusing at higher temperatures, secondly, by plasticising with
lower molecular weight Kel-P polymsrs in order to lower the
fusion temperature, and lastly by plugging the microvoids with
materials swnich would be rsadily soluble in ordinary solvents,

To study the effect of high-temperature fusing, s heavy deposit
of unplasticized hel-PF dispersion was fused on a glass plate
for 15 hours at LB0®P, The surfece was craciwd in places and
showed some swrface irregularities, The film was thrn placed
in an oven at 600°P for three hours, The film showed no
improvement in surface charscteristics and was slightly more
brittle, Thiz film showed peor aclid-resiatance (Figure 2}),
and it was therefare concluded that the dispersion method

of producing Kel-P films was not fsaslble without modification,
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Attompts were then made to cast Kel-P films fram highly
lastiocized dispersions, A low mols cular weight poly=er
Kel-P #40) wac mixed with the diapsrsion, the amount of

#40 being calculated to be 50X of the weight of the adids

in the dispersion., The diapsrsion was diluted with an equal

volume of tolusne, Filma were cast by pouring the resuitaant
mixture onto glass plates, allowing the solvent to evaporate
snd then fusing at LBO°P from 4 to 15 hours.

Films ceast with this plasticized dispersion showed great
promise. Films obtained through the fusion of ons depasit
were on the order of .00l in, thick and sh owed little or
no impermsability. By the use of multiple coats, films of
2002 to ,003 in, wers procduced which showed a high degree
of impermeability (Figure 23),

Veleform, P-10, a copolymsr of monochlorotrifluorcethylens
and polyvinyl chloaride (Procedure K, Appsndix) showed
moderate resistance to psmetration (penstration of 2.5
sna, HN03/sq. me cer, 10 hrs.).

Since the rmabuuy test on Veloform showed fairly good
results (Pigure 23), attempts were mads to plug the aicro-
volds in the cast Kel-P films with this materiel in the
following menner. An unplasticized Kel-P dispersiocn vas

d on a plate, and ths scolvent was allowsd to evaporate,
The resultant deposit was fused at L8O°P for 15 hours, and
a film spyroximately .007 in. thick was obtained, This film
was coated with the Veloform solution wnd allowed to air-
dry for 24 hours, Permsability tests were then run, There
was & maried improvement over both the Veloform film and the
a3t unplusticized Kel-P fila (Figure 23),

;7n all ocusss the extruded Kel-P film was the best, being
resistant for over LUO hours, while the plasticised Kel-F
film was next in line beiny resistant for over 60 howrs

(Pigure 23).

Permability data obtained with cast films revealed that
various muterials showsd wide differences in behavior., Poly-

vinyl chloride, which has boen used in fabricating the pro-
tective clothing in present use, was found (Procedure I,
Appendix) to possess very poor resistance to penstration by
fuaing nitric acid, even when unplasticiszed (penetration of
2.5 gms. HH031/8q, moter, ,Shr.). At first, it was suspacted
that ths solveni might be causing the rapid permsation, but
efforts to increase the impermeatility of polyvinyl chlocide
films by e at-treatment (Procedurs J, Appendix) wers unsuccess-

ful. :

WALC TR S4-93 51.




Pigure 24, shows the rate of penetration of nitric acid intc
various polyvinyl chlorids materiasls., Curve A represents
some olive-drab suit material obtainsd from wright Pleld.
Curve B is the white sult material being used in soms of the
Quatermaster Corps' suits. Neither of these fabrics has
satisfsotory resistance to nitric scid, Curves C, Dand E
represent solution-cast films of unplasticiszed polyvinyl
chloride, air-dried and oven-dried, The data upon which
these curves are based may be found in the Appendix, Table
6,1 through v,

P:gun 25 1s a graphic comparizon of the resistance of
polyvinyl chlorids, both as cocactad fabric ana unplusticized
film, and the resistance of a solution-cast film ovtained
from & mixture of 30 percent Vistanex and 70 percent poly-
ethylens, The data upon which these ourves are based may
be found in the Appendix, Tables 1, 4, 6, iv «d 6, vi,

The sbility of Vistanex, & matarial shich has poor resistance
vo nitric acid, to overcome the porosity of polye thylens

led to the investigation of ancther material as & possible
additive to polyethylane. Steps were taken to prepare biends
of Velofora and polyethylene in the same range of concentra-
tion as Vistanex-polyethylene blends., However, so many airf-
ficultiss were encountered in obtaining homogeneous solutions
or dispersions and in the casting of the filns that fuwther
investigation of this comtination of materisls was abandoned.
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Da Glass Pabrics Coated With Kel-F

AS was nentiomd previously, Teflon and Kel-F possens

excellent chemical resistance and reasonavle flexibillity, P
but they sare lecking 1n physical strength, pu:icularly !
tear~resistance, in order to iaprove the latter, & reinforc-

ing favric 1s nscessary. : ‘:

There are two msthods in widenpread use for the coatlng
of fabrics with plastic coatin,e, The first, to convert '
the plastioc to 8 1iquid or samiliguid consistency and %O ‘
spread it over the fabric and then csuse it to resolldily, A
usually csllsd coating., The other, to use & provioualy
prepared rilm of the plastic snd to adhere it to the fabric

msans of & suitable sdhasive, usuelly cslled laminating.
The lamination of Teflon to glass fabrica 13 alacussed in
the Litersture Survey, 3. Fluorccarbon Laminates,

In the cass of Kel-P end Teflon, the chemicsl lnertness snd
tonpoutm-ltnbiuty which are 30 advantageous from &

use standpoint prove to ve a definite handicap in processing, i
They do not soften at ordinary pyrocessing temperatures and !
therefore it 18 necesaary to reach temperatures approaching
thelr decomposition point before softening occurs. In the
case of solvent sprending, no sstisfactory solvents are
avsilsble for these materiala, Thus, the only satlsfactory
msthod of fluld coating is by reand of dispsrsions of very
small diacrete sollid particles in a suitabdle 1iquid,

o e s
3 R

The technique of using the diaperaion 13 %o apread a layer o
of the liguid over the surface to bLe coated and then allow . 1
the diaspersion madium to evaporate, leaving & layer of ;
oarticles e ld surficiently strongly by ettractaive tavecan

to keep them fronm falling off. In order to form a continuous
film, the particles must oe joined Dby fusing then, This
imposes & limitation which has counfinsd the axperiments ;
to glass clothi namely,that the fusion conditlons are far b
peyond the tempprature at which fsbrice mads from organic ‘
materials decoapowe.

Initislly, it appesred that a glass fabric could be coated a
with s layer of Teflon or Ksl-P from a disperaion and the !
coating fused to malke a continuous film., plverglas Cloth {1¢8) 8)
was pretreated to remove the starch and binders, angd four

dip-costinga of 75 percent Kel-F dispsraton (s solids {n
xylol) and 25 percent silicone oil (3956-500) wers applizd, i
™e cloth was passsd tnrough doctor biades arfter sach coating, J '
end fused at S510°F for 15 minutos. A finsl costing of plain ‘ '
Xsl-F was then applisd, and the whole wa9 fuasd far 30 minutes ‘ '8

at S192°P.
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Addition of silicons oil did not enksuce the flexidility.
Optimux ~ssults usare obtainsd when each coating was fused
instead of somifused, as in the case of the Teflon dispsrsions,
whers o1l was included in the cosating compounda, tne finel
coating had to be plain Kel-P, or an extromoly oily surface
resulted. Tha samples failed instantly when teated fur nitrio

aclid resistance,

In an attcmpt to increase the resiliency, two samples were
made from a dispersion containing 20 percent silicone oil

and 80 percent kel-P dispsrsion., 1hs [rocessing was similar
to the previous experiments, out only thrss ccats were applied,
with & final coating of plain Kel-F., Final fusion was at
S50°P for half an hour ., This increassd fusion temporature
gave a well-fused sampls, but the resiliency was not improved.

The next experiment was to determins 1f the coating of ons
side of the glass cloth would incrasse the nitric acid
resistance and flexibility, It was believed that dy this
method there would te no possibility of entrapping air, which
results in porosity, The cloth was alao lubricatcéd before
coating to promote greater flexibility. Glaes oloth (108)
was pretreated, then impregnated with £c35B (an aqueous
silicone oil dilporuong, and semidrisd at 530°P for 30

minutes,

Pocur coatings (Kel-P dispersion, 9C%, Silicone oil, 1C}%)
were spplisd to one side of the Piberglas, each coating being
fused at S10°F for 15 minutes, Two finsl coats of plain
Ksl-P wers then sdded, arnd the sample was fused at 550°P for

30 minutss,

Lubricating of the fibers increased ths flexibility, but
1t was now cefinitely established that the addition of a
silicons oll to the coating dirpersion was of no value in

this reapect,

A leno-weave, marquisette-type fabric was then processsd,

the silicone oil in the ccating dispersion being replaced

by a Halocarbon wax (10-00). This febric was dipped in the
mixture of Halocsrbon wax end Kel-P dispersion, and the
excess coating was removed by coctor bars, when the sol-
vents had evsporated at room tesm~raturs, the coating

was fused at LBO°F for 1 hour, . @ vncess was repeated

to obtain a continuour layer of Hol-/ particles, The

fabric appearsd to be well sinterad and free of pin holes,
but was too stiff for clothing materisl, so acid-permeablility

tests weres not run,
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In order to limit penetration of ths dispersion into the
fabric, und thus improve its flexibility, a Anowlton Table
Coater was used to coat a number of different types of glaas
cloth on ow side only., The glass fabric, as received, was
tightly suspended across the coater, A mixture of ous part
Helocarbon wax (10-0U) dissolved in toluene and two parts of
Kel-P solids as a 32,7 percent dispersion in xylens, wes
poured on the upper side of the cloth, Excess coating was
removed, and ths thicknass was regulated dy drawing the
scraper blade across the fabric. The sulvents werv allowed
Lo evapwrats at room tamrarature, The fabric was then
suitably supported and placed in an oven at UYB80°P for one
hour, Multiple coatings produced a film thicinsss of fram
.003 to ,C05 inch. The coatings were well adhored and
continuous, but "papery” to the touch and unsatisfactory
for wearing apparel, Nitric acid permsability tests were
also unsatisfactory.

Of all the types of glass cloth investigated by this method,
the greateat flexibility was obdtained with a lesno-weave,
mnarquisette-type fabric.

As the 'tnbﬂ.cn prepared by the aforement.oned methods possessed
low resistance to nitric acid penetration, a technique was

devised to cest a film on the fabric., A sention of marquisette-

type, glass fabric wes placed on a glass plate, bordered

with glass edging, Over this was poured a dilute mixture

of Halocarbon wax Kel-P dispersion, Solvents were evaporated
at room temperaturs, and fusion was accomplished at LO0O°P

for two hours. Pabrics coated by this method were impregnated
on only one side, and thus were Qquite flexible, but acid-
POrm=ahility was unsatiafactory,
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E. Glass Pabrics Coated with Teflon

Similar attemp’z wers made to coat glass fabrics with

Teflon. The coated fabric was made by thoroughly soaking a
heat-treated glaass cloth (Piberglas 116) in an aqueous dis-
persion of Teflon (46X molids), The fabric was then manually
drawn through scraper bars to remove the excess coating, and
semifused at 610°P for 15 minutes. Six coats were applied
in this manner, and the sample was finally completely fused
at 720°F for 15 minutea,

The resulting fabric was stiff and boardy, and although the
coatirg appeared to be continuouas, subsequent tests showed
poor acid-resistunce, indicating microporosity. In an
effort to improve the fleoxidility of the fabric, a silioone
oll was added to the Teflon dispersion.

Experiments were conducted, using 50 and 20 percent silicone
oll (9996-500) by volume with Teflon dlapersions. Pive
coats were applied and semifused at 610°P. A sixth costing
of plain Teflon dlapersion was then added, and the whole
wvas fused at 720°F for 15 minutes. The resulting fabrics
were more flexible, but the surfaces were oily. Pinholes
were visible in some cases uhere great amounts of oil had
acoumulated, Both fabrics failed to resist penetration

of nitric acid,

It was thought that if a lighter~weight glass cloth were
used, more resiliency would be imparted to the fabsie,
Piberglas 112 as well as 116 were coated with Toflon dis-
persions containing 12 and 15 percoent¢ siilcone oil. Three
coats were first applied, as previously mentioned, with
semifusing velween coats, then ths final three coats of
plain Tsflon dispersion were added in the same manner., The
final fabri: was fused at 72097, Samples prepared with the
lighter-woight cloths were more resilient, but still did
not resist nitric acid.

Toats were then initiated, replacing the silicone oil with
an aqueous disporaion of silicone oil., Fabrics were pre-
pared, similerly to those mentiocned aborvs, but using 10

12, 15, 29 end 25 percent of DCI5B in place of the #999&-500.
It was noted that oil globs were adsent from the cloth
bacruse of compatibility with the Teflon dispersion, and the
floxibility was improved. The number of coatings was re-
duced to four when 1t was noticed that an even lighter glass
cloth (108) gave excellent "strike through® and a good con-
tinuous surface. The final fusion period was increased to
6C minutes, eliminating some of the pinholes and glving a
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better {used sample. As a result of these various changes,
the lnnploa were enp-blo of resisting fuming nitric acid for
three houras.

In every case, the acxd-ioliltnnco was not satisfactory, end

it was concluded tnat unless new types of Teflon could be
found, no further work would be done on thia product.
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¥, Kel-P, Glass Pabric, Silicone Rubber Larinates

The previous section descrided dispersion methods for
coating Fiberglas cloth with Teflon and ¥Xel-P, Both dip-
coating and skim-coating resulted in too great a psnetration
or even strike-through of the dispersions, resulting in
boardy or inflexible fabrics.

In en attempt to kcep the dispersiocns on the surface, glass
fabrics were first primed with a ailicone rubder, and then
coated with Kel-F on a Xnowlton Table Ccater.

Cohrlastic, & product of The Connesticut Hard Rubdber

Comp o 18 Piderglas coated with silicone rubbdbar, The
Piberglas side of this product was firet cleaned with a
rotating brush to remove any siliccme which might have

struck throush, and was then placed on the coater with the
Pibergleas side up. A modified Kel-P discersion vas poured
on, and the fabric vas coated. After drying, the fabric was
fused for one hour at 4BOYP. Two samples were prepared in
this way, one vith four coats (Pigure 26, Curve A) and cne
with five coats (Pigure 26, Curve B)., After the final fusion,
the fabdbric was placed in an oven at LAOYP for fi1ftsen minutes.
On removal, 1t was Qquenched in water at 20°-259C te retain
the flexibility of the Xel-P.

The use of a fabrin, previocusly coated with silicone rubbder,
improved the flexibdility, but the presence of a molecular
film of silicone on the exposed side of the Pidberglas re-
sulted in poor acdheaion of the Kel-P to the fabris.

in an attempt to overcoms this lack of adhesion, Dow Corning
S1lastic ({ 125) etlioone rudbber, dissolved in toluene, wes
thinly applied to one eurface of the fabric, and immediately
inverted on the coater to prevent excessive strike-throngh.
Curing of the fabric was done in the usual silicone oycle.
The coated fabrioc was then coated on its glass surface with
a plasticized Kel-P diapersion (one part Halocardon wax
10-00: two parts Zsal-P solids in xylens). The solvents were
allowed to evaporate, and the fabric was fused at 480°P for
one hour, Additional Kel-P costings wero applied in this
manner, Various types of fabric, ranging from QOrade #120
to #1C8 and lono weave were procesaed by this metnod. An
improvement 1n flexibllity was noted in all cases, but a
decrease in adhesion of the Xol-P to the glass fabric re-
sultod. Mo gain in nitric acid resistance was avparent,
pormeabdility values being of the same order as thoss de-
torminod for Xol«P coated fabrics without silicons rubdbber

backing.
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A number of similar experimonts were then run in which
eight-mil films of plastizizod Kol.P dispersion wore cast
on the rubborized glass fabric., Tho Knowlton Coater was 3
used, but sight-mil shims woro placed at the aldes, the
Imifo being used to spread tho films evenly. After solvent j
svaporaticn, the fabric was fusod at L8OOP for one hour. ﬂ
k-

e s 22

The films were well sintered and devoid of craocks, dbut no 3
irprover ent in floxibility over skim-coating w&s noted, and ¥
nitric acld permoability was unsatisfactory. ‘

At this point of the invostigation, no satisfactory tech-
nique of coating from a dispersion hud bteen developed.
Therefore sn experiment was instituted to laminate plasti-
cized, extruded Xol-P films snd Piburglas.
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G. Lamination of Plasticized, Extruded Xel-F Mlm to
Olass Pabrics

A technique was developed by which an extruded, plasticiszed
Kel-P film (Trithene) was laminated to a glass fabric. A
satisfactory bond between the fabric and Kel-P film was
obtained, and the acld-permeadbility of the fadric was compa-
rable to that possessed by the unsupported film. Acid-
permeability curves for two of these fadbrics are presented
in Pigure 27.

The initial samples were obtained by laying an extruded
Kel<P film over leno weave, glass fabric and heating the
laminate in sn hydrsulic press at 350°F and 1500 psi for
three minutes. Satisfactory material was also obtained by
placing the Kel-P, glass fubric laminate betwsen the rubber
surfaces of two pleces of silicone rubber-costed glass cloth,
applying a weight on the surface equivalent to one half
pound per squars inch, and heating to L30°F for three hours.
A third method was to wrap a mandrel successively with a
sheet of siliccne rubber-coated glass cloth, a layer of Kel-P
film, a layer of Pibersglas and a layer of silicone rubder
cloth, The assembly was then wrappsd with Fiberslas tave
under slight tension and heated to UBO°F for thirty minutes.

Pabrics produced by the adbove methods repregent the minimum
penetration of the coating material into the dody of the
fabric. Although these fabrics had the dest flex charace-
teristics of any Kel-F-coated glass fadrics which had been
prepared, it was the opinion at Wright Pield that they
still lacked the flex'bility and drape required for the
fer=lcation of protective clothing.

At a conference with personnel of Wright Air Development
Center on December 9, 1952, it was decided that in view

of the relatively short exposure time mnticipated in aciual
use, adbeclute acid-resistance should be compromised for
greater flexibdility. As a consequence, all efforts wsre
concentrated on dsveloping fabrics coated wit:k polyethylene-
polyisobutylene bdlends.
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LITERATURE AND PATENT SURVEY

A+ Literature Survey
le Permosbdility

Simril arnd Hershberser (11) have written a very fine report
on their pernsabllity studiss of sixteen polymeric films %o
organioc vapors, together with a ol sar surmmary from previous
literature of ths mschanism of and factors affecting permea-
tion. Their data record permeability constants as messured
in Thwing-Albert vapometer cups and are defined as moleJd of
vapor passing through one square centimeter of fila having
a thiciness of one centimeter per second per centimeter (ilg)
vepor pressure difference eorose the film. Although the
pormsabkility of vapors 18 of some interest, a major concamm
is the permeadility of films to liquids, particularly to
fuming nitric acid. Their testing methods and specific
results noed not be discussed further.

The authors susmarise the theory of the mechaniam of the
diffusion of amall molecules through membranes a3 inval ving
three processes: passage of mmall molecules through preformed
holes cr capillaries; diffusion of small molooulos through
temporary holes formoed as a result of thsrmal motion in the
polymer chalns} md diffusion resulting from the interaotion
of diffusing molecules with active spots in the filme In
the last of the three, a 4iffusing malscule attashes itself
to sn active spot where it vibrates until it acquires suffi-
cienit energy to dreak loocse and traverss fartheor to another
ective spot or on tlrough the filme. The authors oconclude
that the first method ia of little importance in weil-
s0tmed fllxs. They state that hole formation and therefore
diffusion is inorsased in compounds oontaining bHulky snd
nonpolar side groups. Permsation can be axpected to de
groeater where the filn and the diffusing molscules have
siatlar struoture, partiocularly regarding polarity, because
they dissoclve sach other mroe readily. ‘4Lhe presence of
polar groups reduces the solubility cf a nonpolar gas in

an orsanic liquid, nn:l‘ conversely, polar gas maleoculsg
41ss0lve more readily in a liquid with polar molecules

than without polazs moleocules (3)e Sizril and Hershberger
also found some correlation between parmaadility and dipole

moment .
20lymsrs having atrong interchain dbonding forces (such aa

nYlan) exhidit lovw pormeability, as one would expect becauae
there are fsuer holess Insrsases in .empsrature, of ccurse,
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inorease thermal motion of the pelymer chains, and therefore
increase tho rati of diffusion.

The effect uf the sddition of a plasticiszer to the film
campound may either increase or decrease the permesability.
An increase in permsabdbility may be due to increased eass
of hole formation or to an increase in the solubdility of
the diffusing molecule in the filme A decrease in the
permeability can be brousht about by e lessening either
in hole formation or soludbility. If the plastioiser is
similar in molecular strucsture to the diffusing material,
the latter will probably be soluble in the film and diffu-
sion will thus be greate:.

Myers and Phillips (8) state that sclvents which do not
attack or dissolve a plastio may still migrate throush it
at an appreciable rate. This rats is dspondent on the
properties of the solvent and the memdrane. MNyers and
Phillips canducoted a study of the transmission rates of
many argmio liquids throush polyethylene film, neoprens,
polyiscdutylens and several other materials. Polyethylens
was found to be superior in general, o8 resards inpermeadility.
The transmission rates of puolar and nonpalsr compounds werse
found to be inversely proportional to fila thickness, and
directly depmdent on time and an evponientisl funotioam of
temperature. The trarsamission of the organio vapors was
considered to be an activated diffusion process, and oone
formed to the fundamental diffusion laws for fixed gases
through organic high-polymer filme.

Peirle (9) points ocut that polyviuyl alcohol plesties are
entirely unsrfected by masoline and oils, Wit are not
resistant to acids or alkalies. Houwink (4) states that

the permeadiiity in high polymere of gasea or liquids depends
on the sroduct of the solubility and the coeffioient of
diffusion. Stout, Oeisman and Mosley (12) state that two
factors affect the permeadility of elastcmers: solubility

of the gas in the polymer, and the diffusivity within the

polymer.

2¢ 2Properties of the Fluorocarhon Polymers

The class of fluorocardon polymers exhibits a unique o
bination of propertics: hizh heat-resistance, great stability
and chemical inertness, excellent electrical insulating
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characteristics, noninflmmmability, no water absorption,
high hunmidity-reslstance, and "fungl inertnass,” 1.0¢,
natursl resistance to fungus growth, states Javits (S)-
Though the materials are expensive on the basis of price
per pound, they are nore econcaical in many applicatimms
than previcusly used materlals because they have such
long 11fe and because they often allow the over-all sise
of squipment to be reduced.

™hs two important fluorocarbons are} polytetrailiuisad-
ethylene and polyaonochlorotritluornthylmo- The former
has been develcped by duPont under the trade name of Teflon,

and the latter 1s known commerc
and Pluorothene (Carbide snd Carbon Chemicals Corps).

A cautious cocparison of the two would reveal that Teflau
has somewhat superior eleotrical properties and bigher
heat-resistance, wheress XKel-F has scmewhat wuperior
physical propsrties. 3childknecht (18) discusses the fluoro-

vinyl polymers.
Paflon RFhysical Pronarties

According to Javits (S), Teflon's thernal stability can De
considered as 250°C for most uses. At this continuous
tamperature, it loses only sbout one percent of its tensile
strength per month. puPont chemists consider that it can
serve in special applications at temperatures up to 300°C,
though 1in teats it loses 10 to 20 patyent tensile strength
per mcnth at this temperaturs. It does, however, exhidit
wrA=airable changes undar temperaturse extrvmes, such as
rolatively high thermal expansion and undutnﬁ).o gold flov.

Teflen Chemical Rropar%ies

There 18 no kncwn solvent for Teflon over ths temperature

range froo ainus 195°C to above 327%C, its sintering
Lo sfabmae It 1s ~~t2ayed only by molten alkall matals

and oy fluorine and chlorine trifiuorids at high tomperatures »

It 13 chemically resistant to all concertrated acids
There are nd detectable

{ncluding fumine nitris aclde
c'mns;aa'%f’ﬁﬁr ~ortInusd wesihering for four yeare (Fla.),

and the water absorption is 0.0 when tested according to
the Ae3.TeHe mothod.
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Tetlon Mechanical Properties

The tensile strength of Teflon is not particularly high
(1500 to 2500 pei), thourh in oriented film it has beesn
recarded as high as 15,000 pste Is mdergoes instantcneous
defomaiion under compressicn, and has excellent elastic
Banory 1f reheated to {ts transicion temperature.

Its solld-phase transition point is sharply defined st

327°C, at which temperature it beccmes an amorphous gole.
At uo6°c, 1t bepins decomposing to the gasEOUS ACHONErs ;
When Teflcz deccmposes, gaseocus fragments break off at the -
ends of the polymer chaine This is in contrast to what ;
happens to Xel-P, in which case the chain breaks in or

near the middle.

Minnegota Mining and Humhcturing Ccspany (10) of St.Paul,
Minnesota, repoct of their "PTP" film, made of duPont
Teflon, that 1ts physical properties are stadle from -100*P
to SOO‘P, and that 1% has excellent resistance to cold
flow under pressure, lov ahrinkage, and good elastio memory.

The numerous duPont Technical Bulletina sbouz Teflon, put ; ‘
out by the Polychsmiocals Department, report these same § ;
ko

f k

t

1

4

r”'tul.

Kel -2 2hysical Properties

This polymer has four-fiftha of its weizht in the two - e
halogens, fluorine and cnlorinsy Xel-P has thermal stadility ?;
to & santinuous temperature of 175® to 200°C. It exhibits ¢
less o0ld flow unde: compression than does Toflon and has ¢
very geot recevsry withaut reheating. Its tharmil expansion P
i

I3

¢

I

18 less tlan that of Teflon, but at 200°C it has no flerural
strength (5).

Kol-# Mechanical % roparties

The tensile strength of unorlented Xal-P is 5,7(0 psi, and 1
in orlented film it reaches as high as 30,060 ps’i. Oriented e
film is a film that has been stretched to a fine 2nin styip. ;
This renders the long-chaln molcoules closely alipned
parallel to one another, whereas in the original uacriented
fllm they are in random arrangement. The hardiiess of Xsl-P
¢=n be varied consideraltly from soft and resiliant o tcugh .
end »igid without loss of stability, merely by varying the L
Raat trentment. Quenching, repid cooling from 425° to

30C°P, incroases rlexitility and transparency (7). Tre
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degree of opaquensss also varies with the heat treatment.
Kol -P shows some crazing at low tomperatures (5).

It has superior molding characteristics, being easily
molded Dy ocoimpression, trarsfer, injection, or extrusion. L
The molding temperaturv must ba sarefully omtrolled, i
however, since at 315°C 1t starts to degrade (5)¢ Dimensional
stability {s asswed by sunesling for i hours at 255°F (7).

BeHeMaddock (15) of Unim ‘urbide and Carbon Corporation
has diacussed the extruaion of Fluorothsne film in scmne .
detalle. The properties of the fiim are surveyed, and 1t :
is shown that straisht die extrusiom and very rapid !
quenching of flat film produse imnrovements in clarily,
flaxibilisy, aid lowetempoeraturs brittlonesss 7Tho fila

18 moee satisfactory than that odtained by air=coocled
tutular extrusion wailch cools the film rather slowlye The
improvesent cen be directly attriduted to reduced
erystallinity.

Pe Doxter (16) has outlined several methods of resin class-
i1fication by plastic ity tests. A Driery 2utline of the
theory of flcw of molten polymers 18 glven, alcng with 2
general discussion o7 the eval 1tion of such plasticity
datas 4 survey of the parallel plate melt visocoaity and
Ho Strength Temcerature (N3T) is included, and another
test sinmilar 2o the Melt Index Test usod with polysthylens ‘
1s desoridsde (The HeW.Kollnsg Company has recently announoced f |

N b e M ey Rt s
Lo T e

. lugorior method of testing Kel-P, which is called the Z37
Test).

s o g

. J.Merck (i7) has outlined the desisn and tost procedures
uwal in making nitrie acid expellant bdazs and the elimina-
tiuvd cf foldy and wrinkles which eventually cause leaxs. ;
This was accocmplishad by projer deaimn of the bladdar. ;
Several photosraphs and diagrams sre included which clarify
the design pridlems.

Kel-I" Chemtioal Bronertles 5

4 e e S e e e

PR QR

Kel=P 13 chomicuilly inert, for all practical purposss. It
is unaffected by ’rganioc solvents and has good weathering
resistance (S). It ie resisatant to omoentrated acids,
in~luding fuming nitric seid (6)s It 1s slightly swollasd
and plasticlzed L7 Bl;Aly nalopgenated materials and some
aromatise (6).
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3. Fluorcvcarbon Laminatss

Javits (5) reports that successful laminates to glass
fabrics have besn made which incorporate all the desirable
properties of the polymére. The izprognatesd fabrics have
been produced in continious rollse Laminates can be oo~
pounded into heavier structurvs. Javits also statos that
scme work was being done at the time of writ:ng (1950)
with devel opmunt of Kel-P laninates.

The Polychemicals Department of duPont (13) reported early
in 1952 that many porous atructures have been i=pregnated
with Teflon dispersions. They state that, baaically,
lemination merely consists of casting a film on & disoontin-
Lous surface. They have mads Saksd ooatings < woven glase
cr asbestos fiber clothe In order to build heavy homogeneous
coatings, it is necessary to mako multiple dippings, with
baking bastween. Soluble slectrolytes should be washed cut
of the fabric before coating with Teflon, because thelir
presance might coagulato tho Teflon. Strong laminates oan

be made by ntackuz the impremnuted fabricas and ihen baliing
under pressu=s at 675° to 700°P., Less heat-resistant fabrics

can also be laminated by successive dipping and arying
oporations withou® sinteringe Application of pressure
bufare or after each drying improves those laminates.

visking Corporation (l4) reports successful laminatian of
Toichens (Visking's £ilm of monochlorotriflucroethylans
polymer) to glass fabric, cloth and canvas dbatting, steinloss
steel, s uninum, and netal screen cloth.

Le ™™emioally Resistant, Protective c10thin5

Visking Corporation (1) suggests that Trithene Be used te
fabricate chemically resistant safsety clothing.

Allison (1) has reported experiments to find s high situe-
et.on elastomer for use in protective clothing for chenical
3xposure. He ssncludes that of the matorials tested, dutyl
rubber and butyl-Vistanex blends show theo hi=haeat cherical
resistance. Three typos of reasistancs tests to fuming-type
acids were used: (1) %otal irmersicn as a soreening test,
(2) statioc penetratior, and (3) dynamic penetraticne Jn
the latter two, an irdicator on the other side of the film
was ‘Wod to shou the prosence af acid vapors. Teat rsrul ts
Ware ziven as the time in minutes until suffliclent vapors

. -
4ALC TR 4-93 TU.
I, g ST S we »
! ".'ﬂwfr_w oo G ittt N S % lr " T i Lo "f%’“ ik i it e
5 -
3
“
3 R
R s . e e
FIRNCT QN EERTS ki o b iy et e XL - "

B

i .
S X,




peretrated the film to affect the Indicator. In the total
immersion test, butyl rubbsr was found to be superiocr to
Kel-P and polyethylene plastics. The Kol-}F tested was
unsupported £ilm, and the Teflon was gasket matcrial and
laminated Piberglas clothe In the statio penstratice test,
it was found that fallure time varied linearly with
increasing number of layrs thickness of the specimen e
Schildinecht (18) discussesa extensivaly the cheaical and
physisal properties of both polyethylene and Vistanexe

Be JPatent Survey

The following Unived States patents deal with the menu-
facture and campounding of chlorotrifluorcethylene polyner.

U.8. Patent ¢,51,134 (10) Dimethyl Phthalate Solution of
Acetyl Psroxide ss Catalyst for Trifluorochloroethylme
Pol ymerisazion (11-21-501:

K+ Le Krora snd Jo Jo Psddury of imericsn Cysnamié Company
have devel oped methods of maikiing halogen-substituted .
ethylenes, particularly iriflucrocilaroethylens, and polymer-
13ing them to re’dily molded and sbaped polymars. 2rocesses
for btaining hizh yields of the higa-molecular-weight
polymers were daveicped.

UeS. Ratent 2,600,802 (19) odtained by the M.W.Xelloszg
Compeny, daals with plasticiszed trifluorochlarocethylone

pal ymor

7.8, Patent 2,6C0,30L4 (20) Protduction of Chlorotrifiuoro-
sthylene Polymer~In-Honomer Slurry (4-17-52).

JeSeRoarick of the M.wW.Xellogg Company has deviloped a
Bont iruous procssas for the polymerisation of polyflucro-
slefing to produce norwaily salid polymers.” He hes
devalcped an {naproved manufasturing process and spparatus
that will entrol more oelosely the reacti.wm temperature
of the polymeriszaticn and improve the "qusatity and
reproducibility” ant increesde ithe yield of normally solid
polymcrs of triflucrochloroethylers.

The moncwer for polymerisation, a perflucrcochloro-olsfin,

is obtained by dechlorinating a saturated perflucrochlopo-
oarbon in the presence of s metal halide. 3ubstantially
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pure licuid mancner, recovered from a fractional distille-
“ion system, is polyssrised with a sui table ocatalyat, under
agitatione. A slurry of the salid polymer and liquzd
monomer resultse A portiom of tho slurry is ecatinucusiy
being removed and filtered to "ecover the colid poiTmer

in powder or greanular form. The eatire process 1s & N~
finuocus ane in uwhich inused pcrilans of ths variour ageats
and reactants are continually reco~ered and returned to the
yystome (This metho! is presumably being used in Kellogg's
8w plasts)

J.8. Patent 2,600,82. (2L) Process for Rolymerising
Trifluorochloroethyl:me {(6-17-52).

JeM.Hrightson of the KeW.Kellogg Company has developed a
mathod 0 reacvs the heat produced by pol ymerisation of
triflucrochlorcethylane during the reaction, oconirolling

the reasction tamperature adeguately, and iwproving the
quality of the solid polymers produced. Acocrding to this
mothod, liquid diluent prea:at during the polyasrization

of trifluosocohlorocthylens .8 eveporated during the reactiom,
and the hett of poiymerisation is thus removed as latemt
heat of wvaporizatiane.

Ue3e Ratent 2,600,202 (22) Method for Polymerising
Chlorotrifliucroathylene (6-10+52).

DewsCaird of the Seneral Rleotric Company has developed a
procsss foo making a substantially heat-stalle, highe
moleocul ar-weight chlorotrifiucroethylens polrmer by
agitating sn aquecus suspension of a mixture at below pNe$
in the prescnoe 2f ultravislet light. T™e aqueocus anixture
contains chloerotrifluorcotaylene and a water-soludle,

ino” ,anic percxide polymeriszatiaa catalyst for 13, Rorie
acid, a wator-soluble iron salt, and a raduuing agent

r ly cxidis3ad in the presence of the polymerisation
ocatalyst and the iron salt.

Ue3. Patent 2,599,610 (23) Copolymers of Chlorotrifluoros
:Zl:ylfsn;( an Olefinic Hydrocarbon and a Vinyl Carboxylate
10 .

ReMeJoyce, Jre, of the duPont Company has acooxplished the
proparation of new high-molsoul ar-weinht polymers and of
compositions containing thom, by poljmerizing a mixture of
ahaoroirifiuvorcathyis=r 34 a vinyl eetsr of an ormanio aeid

such as vinyl costate in the presense of & peroxy eAUdlysd -Bush .

a3 benzoyl peraxide. b

WADC TR S4-9) 72. r
RIS - i bk Iy o~ i ol s ik

. e e & I s ey o i P i Bk e P P o N n N " . Py
FIR TR P APRIRVA PR v B W g ' b i i s 30 e e il o TR




le

Chemica. Resistance of Hish Saturation
Elustcy 58 In Protactive Ef’!o'm!x‘g

\pplicaiionss Hatorliils Laooratory,
Wew York Naval Saipyarcs Presented at Third Naval
Conference on Elsatomer Research and Development,

Wachington, De Cs, 2-7-32.

Allison, AeRe

2¢ Pick, A. Poggendovffs Annalen dsr Physik O} 59 (1855)

3¢ Hildoebruad,.JeH. Solubliity of Mcon-Flectrolytes, Jescond
EaTt = Ra%m funlisaing Cocporetien,
Wew York. 1936 133.

4o Houwink, JeRe Induatries des Plastigues 3, LO9-14 (1947)

Se Javits, A«Be Pluorooarion Resing Annraised. Eleotrical

6 Xel-P. Technical Bulletir #l-12-49. Chomiocal Manufacturing
Divialon, 1.W.Xellogg Company, Jersey
City, M. J»

Te Kol-P. Technioal Bulletin §2-10-50. Chemisal Manufacturing
Divisicn, ll.weKoellogg Coapany, Jersey
cit’. .‘ :'

8. Myors, Ce3. and Phillips, P<R. Rermasbility of !n]”.{{
athylene #’im and deaciry_ éo Tolaile
gz‘gui_&ﬁ e neport LL=J2, ualun Caroide

arbon Corporation,

9. reirls, B.3s Modsrn Mlastics, 18, No. 6, 53-6 (1541)

10. Zp7P* Pila. Technical Date Sheete Tape Division,
Minnes- ta Mining & Manufacturing Co.,

Ste Paul, Mim.
L. 3Simril, V.L. and Hevshdergor, A.
Perncability of Polvmeric Films
- ' Plastics, ¢ /
12 Stout, B., Goismn.o Re, anl Mosley, J.M.
tffustvity of ragas theaemoh Synthetio
g IR CRIE LT gau:m&moring
?rogrcss, Vole L4, 93 Washington University,
Ste Louls, Mo.

ha el




-
13, Jofion. New Product Bulletin #X-10.
Polychemicals Dopartmunt, Bele duPont
de Hemours and Company, Wilmington,
Delawars. January 15, 1952,
e Irithene The Visking Corporation, Terre Haute,
Indiana
15 Maddook, B.He Manufacture and Proverties of Quenched
LUen aIang L A .de ; [¢"+ ) aro @ an
aroan CoIporation.
16+ Dexter, P. nuorothano Rnin Cimalﬂouticn L) y
] de &n
17« MNerok, WeJ. Practical Ex rienoo in pesiming and
QL =y »z aﬁ‘a.
ﬂ'ﬂ-lﬂﬂfoa vespany
18, 8sohildkneaht, C. 2, Vinv1_and Related Folymers. Jobn
Wiley @ Jcns, 1nce., wew Ik, 19526
19. Krops, B:Le ad Paddury, JoJ. Dir
Solution ot Acet’ L Jore atalyst
[Tl 5e Croe. w (Ne ?oI nar sacion.
VI '.uEIon Tace 12 .hn.n p §7113
U«s3¢ Patent 2.53,13&0
20. Paicine, Herdberts J. Plasticization of Pax‘:aloonrhm
Golzg;;ru. vPAi3BEICA datTe 9.
De g8 t 2.&0.%3‘ .
2. Reariek, John 8. Produsction of moro'rinuoromh lcno
ol ne e 10N il PP
22+ Vrightson, Joln Me Process for !olmarizin ‘rrinuoro-
chlorcCocoylines .
0 Rarca Figde 0930 ,ltﬂl‘ 2, 600 8a.
23+ Caird, David wo Hothad for ?olmartsin Chlorocriflucro-
Vf'ﬁ"’i?mz 2,600,202.
24 Joyce, Robert M., Jre Conolwmers of Chlorotrifluore-
a*hylane 0 clmanio Hydpocearnon sna A
NyL Gor o Ppilonticn date
L auguaet I;Im- U:S- Paten. 2,599,640.
WADC TR %‘93 7hc
B,
! e —
: ki oiiin

<4 v s 8 S i

SRt g g,

%




APPENDIX

s B i i

75

WADC TR S4-9)

PUSIIPENSIINPIE FESN

b

2 M A s il oS 1S

PO

e 1L




Aondue) 29353 *C °n N3 £q peonpoad PUISWH IS J9 eTi=g -
wH PTEIAY - )

nﬂ«!\‘glﬂéca

€T 3090 = WTNTEP - ¥

K B L : . iy
s ; ;
i g P

L o AL st

Sooey
- - - - 0°én1 - - 3
0°'Q - - - o'y € el 0ok |
* 091 - - o'ol 059 - ot
€°s - - - b3} - o't 3
11 L9 0°ot 0°0(Y 89 of - o2
- - ﬁoﬂ - - - - ﬁ
- 0°2 $°C - - - - n
- Y1 &1 - . - - ot
- ol* 21 - - - - st
- :0 0- - - - - ‘ .
[ 4 - - - - “!J - m.m ” .
- - - sz ™" - - s 3
- 080 ﬂo Fao - - - ﬂ ‘
- - - “ﬂOc d - - ﬂ H
gﬂ - A“ - %” - S . M L M
g. - - - - “8. @0 m.o ﬁ m
eIl - owYl b
o3 - - xR ot 00t ol TRy W |
0s - - ol - - of 09~4 TIN'ISIASM :
] [+ § q v 9 4 v (1101) 112009 o 3
57 7Y A ry3 m " T a 3 ‘
& M
— N




T sl e S
- - [ 4 - 003 3ﬂ - - - O-WNA ozt
- - . og - - - - - - OP.
- - ogtt  0°C? 0’01 oL - - - - ; o
- - - 003 o.s - - - - ‘m a
- - - Ooa " o - - - - GJ
0°0CT - 0°Zs - o'z 9°¢ - - - i
- - - 0°c3 = . - - - : ot
00Tt - 9°St a.m s o0t - - - o= mm :
- - - ‘O - - - e - . .
- 050 00t o e ol® NS - - c?°S 114
o°on - - 1€ € oL’ - - - ozt L ¢4
- oot 19 02 - - o0kt 0Tt 0% ' ﬂ
- - - - go Q_N@Q - . - - 30 “ch w
o - : e “%Oo €20° - - - 9° ¢ :
- o't S0° - - - L 2| 9 ot ol*¢ - :
°~od o - g. “MO. » » - - - 80 4 B!
< - AL i F
<%0

bl Sl i i

oy
o s A R

WoC 12 -7




T—

s

s ettt b

\e

LI L

0°60t

0°99

0°'02
o0z’e

%9

ofo*

o9 L

"y 8

0’89

0||§""'..‘

‘o !;2 LU

T Ao v

9°S
1€
02

0t

1t

L3

e e R s i £ B e 5 MG i 55 - e M e -

||§|0|||ll\l"‘

o°of

78

WwADC TR 54=93




L

~ - i i o e b s e
- - og - - - - - - 2Lz
0°z€ 0°S2 - 9°s . - o - L me ,
- 09T  0°9t 9°s - o°c3 00T 0°2 s ¢ 244
0°S52 oot  0°91 0°2 o°9t 0°€t 9*5 (2 0°t et
0°02 L) e i - e o'l u'€ ol° L ¢ o
- - n°s - - - - - - 121 ]
o°Ct o't - ol’ 18 00t ot 95° 11 611 j
- - “3 - - - - - - h: w
- - a. - - - - - - 8# “.
- - a. Y - - - - - Jm M
$°2 oL - oz® o€ 0°? ¢5° €€ o ns
3 4 8% - o2° 0°2 ot U1 e gt N H
80 ﬂNO 3. Fﬂ. a. ‘0.—. 8. Nﬁ. ﬁ. Qﬂ ” W
on* €2 - Ay 95° 1194 w2 A o w* 82 :
e kLS - sot® sot* 440 os0° 0° €so° $°22 i
o o'pt. oao o’ <0° ofo* ofo* ofo* s€o* m.m.
- - . - - - - - - u

- o’ - op’ 2f0° s20° ofo* scn* ofo 4 b

- - g. - - - - - - m,r. w
sImcp-ex1l :

ot 01 03 oL - - - - - o219 Xvicia‘sld w m
ol 0 05 of ol 09 05 on of IUETIMITSM M
- - - - of 01 oS 09 ol ©ooT-€ XIfIACCId ] |
P Lon. TTIEe & ;

" 1 & M

) Wl A W S W oW O WA S G 1 <, S F

Y4 K715 IA~EE AL K 5O [FHPTe? o et LT S3éd QIOY JTALIN m i

E

VW w

H

— i




- Oooz - - - - - - - - - - - - - - “QF‘
- - - o'z 0%K2 = oot - - - - - - - - - tn
- 000 - - - - - - - - - - - - - - “09
- - - O-ﬂﬁ OOOﬁ - °Oﬁ - On&ﬂ.ﬂ - - - - - - - of
0°0eT - = 0% ST et 0% - 06 - - - - - - - %
- 3. - - - - - - - - - - - - - - “N
- - - 8- ac - 2. - °.“~ - 0§ - - - - - Q@
o°ort - - - - - - - - - . - - - - - s
- £ - - - o - o ] - - - - - - 121
- N.ﬂl [0 0} ¢ - - - - - - - - - - - - - &1
.- - - 5% o®° op* = op* @ oP° 06z St oo - . * $'9
11 - - e - op° = oOP° U™ O™ e Wo* 0T 0T ot 0"l S
< - - io* op° o oP° oP° S0 ow* o' S(o° 't o'l  oO'% 0°tN 9
2.- - pﬂu omp* s€o° - s¢o° - 00* - " - ofo° i o', et m.m
sto° : T OP°  §€0° om° o0 0P of0° oW eo° S(0°  06° 00" W Mo° 1
- mao. g. - - - - - - - - - - - - - - W’O
- saIne-aryy
- - - - - t - ‘ﬂ - n - ” - - - - [+ 28 §
o 0$ o - - - - - - - - - - - - - IR

LoC ™ L-9)




“‘M.‘.«Y:“k.‘r:e S bcs i Salatho s A aust:

SN | Y WOEISRSTIRTTG W . SN S R Rk WTRL

B e bl d e e e e ro W et B < ey i )

s UL TINS ePIIOTWD TAUTARICd JoO sypimg - &

*30L § “8IY g POTIY ‘OPTIOTT) 1oraktad PesToTIETICM JO WTHL 3£ - wines -~ 3
TIp JT0 ‘eptIoTD TATALTNM peeToTare o0 Jo WIid 3e1) - uoiaTes - d

.00 8 *s N PULID ‘OPINTD 1ATALTod PvSTOTISNTEN JO WTH %D - wInTes - J

*wTIeWR 1ING QUa(-eATI0 JO s1dmeg - V¥

19301
“Om:ﬂ - - - - - ﬂ
0°4 - - - - - 2
- oLt o1l - - - 130 ¢
- Od °.= - - - m cﬂ
0°2 2°L 2L St - - C0°t
- s g 2°5 - - 5L°0
- s 9 $°T 00Te - 50
- - - [ O.F - mhﬂ *0
- o't ot ot 9°€ 0ote sz°0
- - - - st e $21°0
SICR-ewtd
3 ; G — v | o — Y. (*1°K) 110§
A o) A A h 1) h 3 ) 3

{JUFY 6T TELH SI030 TIIALZS SOTEA 40 LI1IdaRas LN JIWIN
9 TV

\ e

WaDC TR 5L-9]

gt a




¢
3
”~ D
\ 5
{3
TASLE 7 !
KFFECT OF FLAME-AETARDANTS M FLME-RESISTANCE °F 5
POLYCTHYL DNP-VISTANZX BLINDS ¢
ol Sts. .
Reterdant  Perts Retardmnt Base Blend Results -
n0 10 20 80 pts. Vistanex Bu:hs Compaetely
21203 10 20 pts. Polystiylene y
%
0 20 Lo 80 pts. Tistanex Bur:.s Completaly P 3
Bi,0y 20 20 pts. Polyethyleme o
P33 10 70 30 pts. Vistanex Purns Cospletely ]
70 pve. Polyethylene t 4
Eal-F 3 S 80 ats. Vistanex Burns Sompletely L
Max #150 20 pte. Polyethylens %‘ ‘
Lal-7 10 1 80 pta, Vistzmex urme Scpiitely ‘]
Wax #3150 20 pts. Polystiylens f.:.
10 W W 30 pta. Vistanex . Burna Comletely ¥
70 pts. Polyztiylene %:;.
.
1102 7 70 3O pts. Vistmnex Surns Cospl stely ‘;_]
70 pte. Polysthyluns &
.
35,04 70 70 80 pts. Vistanex mane Cospistely ;
20 pts. Folysthylene L
£
S0y 25 80 pts. Vistarex Purns Comple -ely [
I!I:‘Cl 25 1% 20 pte. Polysthylens 5 ]
80 pts, Vistenex purns Completely f
20 pts. Polyethylene P
4
30 pts. Vistmex Burms Cwpl taly v
70 pts, Poiysthyieme ;;:f;
%0 pts. Vistmnex Burrs in entact !
20 pta, Polyethylens, with flae. Not
calender-~costed onto self~axting.ishing
Dynal Fadric
80 p75. Vistanex Purns in ccntact
20 pea, lolysthylens, with fleme, Not
calederscoated onte self-extinguishing
Dynal Zedric
TiCH Lo Lo 00 nts, Vistmex Does not burn when
20 pta, Polyethylane, press removed f{rom 1l ene 3
aolded onto Dynel Fabric {#
109 Lo Lo 30 pts. Yistanax Tnter=adieie Letwesn
20 pts, Polyethylane, press 1) ond 14, Hes
nolded 3ntd Ving: Perens xliahd desdency o i
.“mn Seh"?) e ali-axtiomiisinng g.
. A
{ i i
M T
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| PROCTDURES ;.

1 procedury A: Metnod for Detarmining Permsability to Puming |
; Nitric acld )
1. Deacription of Apparatusg (B~Cell) ™

A) Scsket ,oinb attached
to ground-zlass atoppered

l_ tube,

}

) B) Smket Jjoint attached to | }

' distiilsd water cup in . 2
which eloctrodos of pE

meter Lre tomarasd,

C) Sampls dol:ig tested

B o e N . 8
e _ A

clumped in piace, B

L] t :I
v“(\\\ E’

1 N ) ;5

LX

H

I

1

E

FULL SCALE ¥

-

11, Procedurd

The sample to be teated {s clemped barween the LWo cells with
a ball-and-sockeot clumpa emplcying & butyl rutbar gusket, Uns
hundred cc, of distillad watar ard pilpstteted inte tha dintile
led water cup, and an initisl pH reading is taken by dipping
tha alectrodas of the bBecixman pH metar into the distilled
wWater cun, Pualng nltric acld ia poured into td ground-glzss . q

atoppersd tube, and pH 1 adings are taken until the meter
A calibratiocn

registers pH 2.0 (arbitrary stopping point}.
curys praviously preparad, Figure 1,48 uced to find the acld
pormsation rute {n groms par aquere me.or squivalent to the

¢ readirgs,
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Procedurs 3: Prepsralion of Pilm= froam Various Blends
d rolyethyleans bY

of Polylsobutylens an
the Sovlution-Casting Ms thod

A thirteen percent solution (bg weight) of polyisedbutylene

(Viatenex B-00)in toluol was prepared by adding pieces of

millsd polymer to warm solvent with continuous stirring.
ton wire weizhed into containers

Portions of this solut
were calculatad amounts of polysthylens (Alathen A) were

addsd to give the rellowirg blends:

30 parts Alathon A
€1 parts Alathon A

A, 70 parts VistaneXx B-32,

B, SO parts Vistanex B-30,
C. 30 parts Vistamsx B-30, 70 parts Alsthon A

d o5f thetwn polymers was obtained ur warming

wes of 100-120°C, with atirring.

A homogeneous blsn
ture for casting use,

ths mixtures at temparat
Solutions were meintaimsd at this teapers
which had been pre-

Casting of filas was done o0 gless plates

healed to preveat precipitation of pelyethylene duricg th
operation, Solvent evaporation was carried owk at 160°C &t v
the sans resson, The 3laas plates wre edgod with strips o
glaas wiich prevent flowing end dintortion during film formae
tien,

A portion «f the thir teen psrcent Vistansx solution v used
to pregare u fila of purs Vistanex W ich was cast on &
glase plate and allowed to air-ary overnight,

Wil LR 54-23
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Procedurs C: Preparacion of Pclyethylens Pilms by
the Noluticn-Caating "sthod

Fiftesn graas of polysthylane (Alatnon A) vare placed in a
flaak containing <50 oc. of tolusne, Tha faco3k was warnmad
on a steza bath, and the contents were agitated to btring about
solution, The filmo were csat by pouring the warm solution
onte “ar=asd gicss plates, and tho platns were placsd in en
ov»n &t 110°C, It was necsasary to kvep the teapsrature of
the solution atove 80°C at all tines to prevent precipitsaiion
of the theimopladtic., Such precipitation increases the
tendancy of ths fiin to crack whan ths sclvsnt is evaporated,
The f1la were cilcwed to »iiin in the oven Jor two hours
%0 ingure eomplets soclvent svaporation and to allow each
Zilm to flow together %o form a continuous sheet,
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L s T S PRI OIS repromenoy

Procedurs Dt Preparation of a rolyethylerne Pilam by
the Calordering ¥athod

The rolls of the lodoratory mill were lhwated by allcwing &
bateh of natural rubbder to mix for 20 to 30 minutes, with
the coolirg coils shut 2ff, A portion of polysthylens
(Alsthon A) was placed on the rolls and allowd to mix

for 15 %0 20 minutas wuntil it h=d banded aad becoms soft,
The bateh wee sheetad aff ‘he rolis =ud 2llowd te ceol.

e e e W A Yo ot e
s AR X

WADC TR 5493

86.

S aa




-

Proocedure B: Prenaration of Pllas from Various Blends
of Poliiubueyhno end Polysthylew bY

the Soluticn-Casting e thod, Pollowed Dy
»xtondsd Dpying

It 13 necessary to maintaln the soluticas at 150°-212°F and to
cast films on prelvazed @ ass platas, A complets seriss of
polye thylens-polylasocbutylens (Vigtanex) rilms was cast from
tolusme solution, Calculated smounts of polysthyleme and
Vistene: soluticn (Hrevicusly made ud ta 11¥ in toluemne)

wFe Dlaced ir Irlernmsyer flacis which were hsutod in boiling
watear, Additional toire was added, as recuired, to give
hanogenecus sulutions of a viscoaliy approrimately squa’

to that of Si2 ¥o, 10 o1l,

A small porticn of hot mluticn was poured oo s glass plate,
preheatad to 150°7, The hot solution wald sprvad to a thioke
a3 of ,C03 inch with a EArd spplicacor, and the plate

was Dlaced in en owen at 150°P for 30 minutes, Ths plate
was tlhen rwmoved frca ths oven, and additional coats wie
8pylisd and dried, as before, until the Tilns were 005

t0 ,007 inch thick, Aftsr applicaticn of the final ocoat,
the filas wore 14 5 %0 6 hours at 150°F to remove as

much residual solvent as possidle,
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Procedusrs F: Preparation of Pilms from Various Elends
of Poiylassbutylens and Polyethylens by
the Preas-Molding Mschod

A complete aeries of pol t.hglom-u-tumx B-80 blends

was mixed sn & hot mill HBO P) to a homugensous state,
After milling, the batches wore ahested from the aill

and prepared for press-molding. A smple of tne shested
film, about 3 in, bty 3 in,, was cut from the batch and
placed between two Teflon-covered (,002 in, shaved Teflon
fllm) aluaminum platss ( 6 in, by 6 in. by 0,25 in.). (The
Teflon acts as & mold-relesass agent, -uplu‘yh\g the romoval
of films after pressing,) The “mold"™ wad placed in a preas
at 250°PF and vas sllowed to reaain there for 15 minutas under
sero pressure, The prehsating eflectively softens the

bBlend to & sadily moldad plastioc mase, After 15 minutes,
65 psi was applisd to the platea for S minutes, Immediate
cooiing under pressure was nscessary to reduce Midbling and
to decreans the tackimeas of the films defore handling,

The atandard thickmees of ,003 in. was obtained by the use
of mtal shims of this thickness, which separated the plates.
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Progecu~e Gi Detemination of ¥leoms-Resistence a
{Cist of Flame-Retardanta on rage 26) r
Mothof A, Plams-retardants were added vo previcusly milled

b5londa 3.* Vistanex and polyoth!lom. cn & laborstory mill
After conmplete dispersion

‘ ’1 heated to a tempsrature of 170°P,
of ingredients, compour.ds were sheeted of f the mill and sliced

into amall rectangular sections, Euch section was brought
into direct contact with & flame (approxinate temperature,
180°F) and the amount of flaming was noted.

#Hethod B, A blend comsisting of 00 perts Vistmmox and 20 parts
polye thylens, with an additional 4O parts titanium dloxide,
was prenarad o the mill, After being siwoted of £ the mill,
sections were placed over Vinyon and Lynel fabrica, Ths
componants were placed between Teflon-covered (,u02 in,

shaved Teflon film) eluminua pletes(b in, by & iu, by 0,25
in,) =nd thsn put in & hydreaulic pross which had been -
heated for S minutes at 23U°P. They wero pressad for 1S
minutss at 65 psi. Aafter being cooled under pressure, the
resultant costed fabrics ware brow}ht into contact Wi th & ;
flame (approxzimate tempersture 100°P) and their degree of ;1

flomaabllily was notad,
Mathod C, Previouidly millsd, unfilled dlenis of poljethylenm i
a mex were calendered on Drusl fabric, The flums-resis- ;

tance of the ococated fadric was nov>d by placing a spocimen
in direct contact with a flame (ap,.roximate temjerature,lou’P),
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Procadure Nt Determination of the Cegree of plocking
of 00;1:02 E&E§° gmeimm -

st Srmnlesy The followin 1 4a, by % in, specimens,
%mwwuu over-all th!ckmu of .5iS in,, were use
for testing,

1. Vinyon Psbric i£50L), calender-coated with a bisnd of 50
parts Vistanex B-30 end SO perts Alathon A.

2, Vinyon Pabric (#501), calendsr-coated with a blend of 60
parts Vistanex B-30 snd LO parts Alasthon A,

3. Vinyon Pabris {#501), celoundsr-coated with e blend of 70
parts Vistanex B-30 and 30 perts Alathon A,

L. Dﬁol fehrie, cslendor-caated with a blend of 80 parts
vistenax B~0O snd 20 parts Alsthon '

wthod; JFour specimens of each typs of coated tadric were
super sed to obtain taree pcesibdle surface sambinations
(coating to coating, coating to deooking, md bmhiﬂi to

n?. Eeach composite was placed tetwsen twe Teflom-~
sovered (,002 in, shaved Tellon film) ealuminuns plates {6 in.
oy & in, by 0,25 in), A tvo-pound steel wizht (6,5 4n, bY
2 in. by 1.5 in,) was then pleced on tie upper plate to cbtala
1.) psi oun sach specimen, ‘ne laminate was conditioned in
a drying oven foe 2 hours at 1259 ¢ 5°, After emoval froa
the oven, &ach sandwich combination was ccoled for two bours,
and was them tested for degres of dlocking sccording to the
folloviang scals,

Degree A, B, -~ No bdlocking, ¥o ediwsica between surfsoss}
coated fabriocs slide freely.

Degree 31.B, -- Siight blosking. Coated fabrics have to be
peeled spart, DLt surfaces remin intact,

Dagree B, .- Bluocking. Costod fabrics have to be pesled
spert, and surfeces are danaged,




Procsdure I: Preparation of Uaplasticized polyviryl
ths Solutlon- astin

Chlorics Pilns

A 158 solution of unplastioised polyvinyl chloride (Geon
121 Paste Resin) wes prepared by adding the powdsr to
vers solvent (Cyclohexsnone S1C4), with agitaticn, The
resultant, yellowlish viscous saiution wes strained
Piderglas, snd was ellowed o coole pilns were oast from

the material by pouricg the seolution onto glass plates,

edgsd with ﬁ;u strips. The solvent vas allowed %O evaporate
in air fe¢ teen $0 twenty hours,
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Proondure J: Heat-Trosting Urplasticised Polyvinyl
Chlaride Pilme QObtained by the Solution-

gasting Method

Two films wers cast froa & 15% solution of unplasticlized

polyvinyl chloride ‘Geon 121 Paste Resin) in cyclochsaxanons,

The films were air-drisd for 15 hours, after which they were

ﬁue;d in an oven at 70°C. for § hours and 8 howrs, respec-
vely,




2rocsdure K: DPreperastion of Veloform Pilas by the Solution-
gauring Pethod,

A 208 solution of Velcform P-19 4in & 65/35 mixture of
= th;l ethyl mtons and talusne was poured onto glass
plates,; ecdzed with utriga of glasa, SHo plates wers set
eside for 15 houre to allow tizs acivent to sveparale,

Se heat treatasnt waz given the fllms,
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